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liEVISER’S PREFACE. 

^ presenting the enlarged and improved edition of Volume I. 
of The INjanufacture of Varnishes,” it shouid be understood 
that the pi4blishers found themselves in il position of some 
amount of dilhcultj^lirt^^igh the sudden decease of the author, 
Mr. John Geddes*McIntosh, just after the MS. was passed to 
the printers. Friend^ of the deceased author could testify as 
to his ambition for maKing what has ultimately proved to be 
indeed the crowning etiort ^ his lib'. This would doubtless 
have been realised, bearing in mind the author’s h-ngthy and 
unique technical and literary (\\p(‘rienc(‘. Death — the great 

leveller of all men — has interveiu'd, thus leaving to another 
the work of revision, which. In* feels, even exercised with the 
best, intentions, cannot rank with that of the pastmaster who 
has now let fall his pen. The reviser w'ishes it to he under- 
stood that every ellbrt has lieen made to preserve throughout 
the style or form of expression characteristic of tl^e autiior. 
That and the se({Uonce of matter n'lnains exactly as originally 
planned. It is, however, unfortunate that some gaps were 
found in the proofs, obviously inteinled for tlui ins{'rtion of 
additional and no doubt individual matter wdiich experience 
only could dictaU* ; and it may so happen that statements of in- 
ferences born of a life’s t‘xperi(‘nce are unintentionally omitted. 
The chief task of the reviser has l)een to give of his liest to- 
wards di.screetly closing up such gaps. If the pr(isentment df 
the matter appears fragmentary, the indnlgenc(> of the reader 
must lie encroached upon ; remembering that hooks, like men, 
are not without virtues and vices. Allowing for the difliculties 
referred to, the reader cannot fail to be impressed with the fact 
that this tvmrk is without a rival, and as such will surely prove 
a useful book of study and reference to those engaged, tir aliout 

,to be engaged, in the tt'chnology of paints, varnishes, and allied 
materials. 

CHARLKS HARRISON, li.D.S., 

Hegisterrd Lecturer, 


Oil, Colour and Vauni-sheb Dept., 
Borough Polytechnic Institute, 
Borough Uoad, 

London, S.K., Apiil , llUll. 
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IITSTOKK’AL NOTE. 



Early Csc of Linsiu'd Oil as a ]f'liiclc in Oil Paintiiuj in Enijland . — > 
It ift not to 1)L‘ tli:it oil was lirst used as a paint 

vehicle and hinder in Ihi^dand, hut the usual statement that our 
knowledge of such us<‘ came to us through tin* Van J^^ycks is without 
toundation. In the ('lose Rolls is found an order issiunl by •King 
Henry in the year RJM!) ordering tin* pa}ment of money for material 
and Inhour in iiamting tlu^ (^ueeiTs (’hamher at Wt'stminster, and 
fronf th(5 iTumtion of oil and varnish it may he safely inferred thut 
the forimu', the oil, was used as a viducle for ])igments ; — 

“The King to His Treasure’ and ( 'hamherlain, (irooting f 
Di'liver of our tri'asure to (Itto tin* (loldsmith and Edward his son 
one hundri'd and se\t‘nt(‘en shillings and ten ))enee for oil and 
colours bought and pugiires made in thf‘ ('hambm* of our Queen at 
Westminster from the Octaves of th<‘ lIol\ Trinity in the twenty- 
third year of our iidgn to tin* Feast of St. ikirnahas the Apostle in 
the same year, namely, tor tifham days.” It has been suggested 
that these arrangements \\<‘re madt* in vi(‘w of the. (^Iiieen’s accouche- 
ment, as lier liist son, halward, was horn on tlie Ibth of .lune, 1239, 
five days onl) aftm the first dat(‘ mentioned in the raaionl. 

The following (extracts ai(‘ from rather later records. They give 
the inatmials usial in tlu* (h'coration of St. Stephen’s 0}iaj)el and 
their prices from Uolls of tb(‘ 25th of Edward the. Third, that is, 
the )ear 1351 : * 

“ .luh IS. I’o 'Master H. <le St. .Mbans for four Ilagonsof painters* 
oil for file ])ainting of the chajx*! lbs. Sejit. 5. h^or 19 flagons of 
painters’ oil at 3s. Id. per flagon t!3 3s. 4d. (wliitt; and red haul, 
/)chre, azure, vermilion, cob*, (size), white varnish, sino])Ie and 
cynopre (the latter from l\Iont})eli<*r), gold leaf, tinfoil, sipiirrels’ tails, 
hogs’ hair, cotton for laying on gold), A pair of scales ^ ye^gh the 
ditTereiit painters’ colours is included. 
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CHAPTBK I 


PROPERTIES OF DRYINu 

General P.roperties of Fixed Oils and Although at first sight 
'A fixed oil may appear to be a perfectly simple, homogeneous, ele- 
m^trfry body, yet if we study any of these oils or fats attentively 
we will observe certain phenomena which indicate the complex 
liatee of their constitution. If, for instance, 'we expose oil* to a 
low temperature, it separates into a liquid and solid portion. Again, 
if we press tallow between folds of filter paper we express a liquid 
oil. But it remained for Cnevreul to demonstrate by chemical 
means the •exact constitution of these ifodies. Chevreul submitted 
these oils and fats in a methodical manner to the action of different* 
reagents, and found that they could be separated into different proxi** 
mate bodies. He established the fact that every fixed oil or fat was 
blade up of two or more fatty bodies of a greater or less degree of 
purity, each of these bodies differing from one another in their 
melting-points, fluidity, solubility in different menstrua, etc. He 
found, further, that e^h of these proximate bodies existing in oils 
aud fats yvas really a salt, i.e. a compound arising from the combina- 
tion of an acid with a base. 

Chevreul pointed out that the different properties of oils and fats' 
wei;;e due to the individual combined fatty acids, characteristic of each 
oil and fat, differing among themselves in composition and properties, 
but that the base was the same in all, or nearly all, cases, viz. glyoer- 
The fatty acids he found to be principally the following four, 
stearic acid, palmitic acid, margaric acid, oleic acid ; and that 
;|h^^ equivalents of each of these monobasic acids combined witl^, 
<^ne eqmvalent of the triad glycerine to form respectively the salts, 
IristeaftW^tripalmitine, trimargarine, trioleine, fhe three former^ 
^ soHj at ordinary temperatures, the latter liquid. The tris&arine 
mims the hard, solid portions of tallow and lard, and triolfeine the# 
iWfe filly portion. 

, ^1^1® tresolution of the neutral fat into fatty acid ^ud 

Mrine wponificatiou, decomposition fot candle-making is- 
Jbt about ifi various ^i^ays, the simplest of which bonsis’ts in dia?: 
g the fat wiA steam superheated to 300® C., when the glyber^ 
^Ity acids distil oYer together, the latter forming a layef fineff 
‘^r the former, The liquid oleic acid is then, pressed JlwiW th# 
(21 ’ 




^ ^||i>|t£a liquid oleio aoid^lkit^^l^rixie? ii 
_ ^-lmt|%g ttoroldin being a d^ij^j^tion pmt^ i»l 
no em^il is f toduced on burning. The candles* do P 

I'nnlfidg Is required. ^ Bu^n ^e oase of a drying oil jUif 
not dry sb Welf as the original oil: Of late yeai% the hydl^td 
pf certain ferments or e.g. lipase, hai| beeo used to ipU|i^ 

tnls and fats into fatty .acid and glycerine. If ^ the ellminatiqn 
glycerine from a solid fat ^uch as tallow results in obtaining impi^y^^;^ 
jaroduots for candle-making, unfortunately it is not so ^yith a or^xigl 
oil like linseed oil, the fatty acids from which, owing to their beil^i 
solid if not greasy, ate not nearly so suitable for paint and;.srarii|sh^ 
purposes as the original. But what are drying oils and yvhereiti^l 
do they differ from non-drying oils ? ^ 

Drying Oils. Definition . — The drying oils are those oils 
vegetable origin which, being liquid at the ordinary temperatjurep 
possess the property of gradually and progressively absorbing oxygeh^i 
Proin the air when exposed thereto in a thin layer whilst* stili at , the,, 
pirdinary temperature, and in so doing, instead of yielding a rancid^ ^ 
more or less viscous, greasy mass, naturally change gradually ahd^ 
eventually by insensible gradations from the original condition of ai; 
duid oil into solid elastic dry substances insoluble in lihe usuhl*dtt^ 
solvents. The greater the quantity of oxygen which such an oil Is 
capable of absorbing and fixing (when exposed to the air iit sp thih!l 
a film that the air can penetrate to the ultimate bottom layer of the : 
film) as shown by the nett increase in weight, the greater are iSS 1 
drying properties and propensities of the oil. The greater thV 
avidity with which a drying oil absorbs oxygen, and the greatl^^ 
the^ rapidity with which it solidifies and dries throughout its 
eeteris paribus^ the better is the oil. The more thoroughly, the : 
toore perfectly the thin film of pure linseed oil dries, the more ittVI 
tractable it is. Neither solvents, reagents, weather, nor even agl| 
affecis it. The word nett is used advisedly, because Unshed 
absorbs even far more oxygen than the amount it fixes permar^ntl 
This latter quantity of oxygen is used up in the formation of vqli 
coin^unds, cart>onic acid (some say carbonic oxide), 409 n^ 'iS 
acetic acid, oxalic acid, although the bulk of the oil, s^ll 
a glyceride, remains to form the dried film. The action 
splits linseed oil up into two main divisions — one of^hese 
Liquid and volatile ; the other fixed and solid. The ^latile 
Scapes into the *air, the solid portion is fixed. ^ ^ 

' j The sequel of changes which a drying oil undergoes ddi^jll 
(melt is being convert^ (1) into an intr — ^ 


liWay into unkfiown^.r^ 
bo 4ihe eye and bhe touch, irhich remains ffixed 



r it' tete drying of oil/ As a matter of |ao|/ithe'' 

f^oil does not dry in the tlfue acqeptation of the term. When a sot)* 
S^nee In 'ordinary langiitge is said to dry, what is meant is that fte 
shhftanoe in qnestian loses any adherent, adventitious or interstitial 
^ wirjer^or hygroscopic ^moisture, . and, in a case 'of drying of that 
' t^atur^ ^e can appreciate the change, as it proceeds, botbfty the eye 
and tnb tancli. The vapour is visible to theieye ^s it condenses, and 
the touch is sensible to the drier feeling as the nioisture is expelled 
tb a ipreater and greater extent. Such substar^es, therefore, suffer a 
diminution in weight corresponding to the amount of water eliminated 
in the process. But a phenomenon of quite an opposite nature occurs 
when a drying oil dries; instead of losing in weight it gradually 
becomes heavier as the “ drying ” process proceeds, until the oil has 
con\pletely “dried," when its nett weight will be found to have in- 
creased some 16 to 17 per cent. In other words, 10 gallons of linseed 
oil, spread over any given surface, will not only increase the* wdght 
of the object on whose surface it was painted by the weight of ihe 
10 gallons of oil, but, when the oil dries, the object will be found to 
have in all increased in nett weight to 110 lb., 93 lb. of which are 
doe to the oil and some 17 lb. due to thi absorption of oxygen gas- 
from the air and its absorption by and permanent fixation in the oil. 
Now a gallon of oxygen weighs about 95 grains, and as there are 
7000 grains in a lb., and as 17 lb. nett of oxygen were absorbed, 
we get a total of 119,000 grains of oxygen absorbed by the oil,, 
which, divided by 95 grains, gives us nearly 1253 gallons of oxygen 
gas as being required to dry 10 gallons of oil. But the air only 
contains J of its volume of oxygen, so that 6265 gallons of air are 
in this oxygen absorption phase totally deprived of oxygen by the 
drying of 10 gallons of linseed oil. This 1253 gallons of oxygen, be 
it well understood, actually enter into the constitution of the film 
of paint. Independent of the volatile decomposition products 
already named the absorption of oxygen by linseed oil is always 
accompanied by the evolution of a highly toxic gas known as acrolein 
which, when in a concentrated form, attacks the eyes and the nose’ 
as in oil boiling (weeping, running at the nose, etc.). 

This diminution of the oxygen of the air and the evolution of 
acrolein are points in connection with the bad effec| of sleeping in 
newly ffei^t^ rooms which have not received from the medical 
^culty the attention they deserve. The headaches and other 
symptoms may, on investigation, prove not to be due to the toxic 
effects of turpentine and its oxidised derivatives, or to linseed oil 
qmanations as a whole, but more to the rapid manner in which both 
linseed oil and turpentine diminish the proportion of oxygen in the 
SUp^inpumbent atmosphere by the energetic way in which they 
l^badirb oxygen. The fact that very possibly much of the glycerine 
eontaih#d in the glycerides of linseed oil is resolved into acrolein,, 
ppmts^jio the necessity of free ventilation from th^ onftn Air fpAi 





evolution of aoroliiilQ. Ibe air ahonld'not $e^a|»rlv#(l!^ 
ox^en. To |mt a painter to paint ill a ]^|fi whioli.baa ^ direol 
oomniunioation with the open air is a dangerous proceeding. Bui 
there need*be no serious' edeots provided ventilatAn he attended to^ 
and this is^st done by burning a fire in the room in which painting 
and varnismng operations are being oonduoted, and by di8oriipi|iale]|^ 
opening the winder, avoiding at all risks and all hasard^a dam]^ 
cold draught playing on the surface being painted or varnished until 
some time after it hasithoroughly dried. The doing away with fire- 
places and heating bed- and sitting-rooms by steam is much to be 
deprecated. An ordinary substance in drying loses water and loam 
in weight, A drying oil in drying absorbs oxygen and increases iit 
weight, and that too in spite of the fact that linseed oil in dryin| 
generates acetic acid, carbonic oxide, carbonic acid, oxalic aefi, and 
water. Moreover, if we can see the water being expelled from at 
obje^ct by the clouds of steam which are formed in the process^ and 
although we may increase the rapidity of drying of linseed oil by th« 
application of not too great a heat, such as drying" the article ir 
a hot-water oven, or a current of air, yet if our sense of smell tells 
us that vapour of some sort is being evolved, in no instahee can thh 
vapour be seen to rise from pure and good linseed oil, unless the 
heat be raised so as to start the destructive distillation of the oil 
As just seen, aqueous and other vapours are given off by linseed oil 
in drying, but those vapours are due to the decomposition of th< 
proximate constituents of linseed oil with the simultaneous absorptior 
of oxygen, all of which finally result in the drying of the oil by th( 
formation of the solid body into which linseed oil is resolv^ 
drying, viz. linoxyn. If the oil contain spirits of turpentine, naphtha 
etc., it will of course give off a considerable vapour of volatile solvem 
at a much lower temperature than unthinhed linseed oil pure and 
simple. 

When linseed oil in its pristine liquid condition is spread ovei 
the surface of an object which has been made impervious by th< 
process known as priming, that is to say, its pores have been fillec 
up in a suitable manner, it forms when dried an impervious coating 
viz. the linoxyn just referred to, which still further protects the ob 
jeot from the affects of wear and tear and all those ex^ane^ui 
'erosisre agencies which we know under the term weSther, such al 
the difference in temperature between day and nighl^ summer anc 
winter, heat and cold, rain, frost, and snow. 

Linseed oil js unique in this respect; when dear, the carping 
critics whose pockets are touched have not got a good word to saj 
in its favour and recite a whole decalogue of sins due to its nm 
either per se or as an ingredient of paint or varnish. ^ 

The Function of Drying Oils as Vehicles for Pigments, ii| 
erease the thickness of the coating, and also to form a hatdef^jfiiorl 
^permanent, more anti-corrosive and more anti-erofiiiye tay4|jr/ t]^ 

•An 



oil 31 generally mixed *Mth' aS pigifoJi^ 

fm oil^in drying, ce^nts these pi^ents tjie object tcfwhi%tW 
naitture of oil and pigment is applied. The mixture of oil ano^g;!?; 
ment is called a ^int. The drying oil is said to act a8*the vehicfe.^ 
Wp thus often hear of pigments and vehicles. But a vj^icle would 
^be o^hp use unless it acted as a lasting binding agent as well. Col^a^ 
oU would form as good a vehicle for pigfiients as linseed oil, if not 
, bettSr ; but as colza oil is a non-drying oil, the paint made by’using 
it would not be a paint at all, as the vehicle llrpuld not dry, and thus, 
it would not solidify itself, and hence it could not consolidate thd 
particles of pigment and itself into a hard* impervious layer, and the 
tnixture would be more suitable for axle grease than for paint pur- 
poses. In the same way size, used in distemper painting, is a good 
euough vehicle for indoor work when applied to the walls of rooms, 
but the denuding and erosive action of the weather would render it 
worse than .useless when applied out of dooi^. 

The word vehicle as used by some writers is, therefore, an in- 
complete definition of the functions of a drying oil when applied in 
conjunction or in combination with a pigment to the surface of an 
object. It is the cementing or binding agent, or vehicle, if you will — 
just as slaked lime is the agent which binds the sand in the mortar 
to the wall. Not only so, just as the lime cements the particles of 
saud to themselves and to itself and the agglomerate thus formed to ; 
the wall, so also does the linseed oil cement the particles of pigment 
to each other and to itself and the agglomerate thus formed to the 
object to which it is applied. But the analogy does not rest here ; 
the slaked lime also increases in weight in drying. Although it 
gives off moisture it nevertheless at the same time absorbs carbonic 
acid. For every 18 parts of chemically combined water which 
m'oijtar gives off in drying and consolidating it absorbs 44 parts of 
carbonic acid, and consequently increases in -weight, as we have just 
said. 

Summary . — The function of a drying oil when used as a vehicle 
for paints is to so “dry” as to bind and consolidate the pigment in 
such a way that the combined layer formed by the dried vehicle and 
pigment, that is, by the dried paint, will withstand the heat of the® 
suns |py8, the erosive action of the weather, and in conjunction » 
with the Ipi^baent protect the object to which it is applied from the 
porrosive and* erosive action of the same. 

The Function of Drying Oils as Varnish Ingredients ^ i.e. ' as 
'* Vehicles ” for Besins . — The chief function of drying oils as in* 
jr^ients of varnishes is first of all to dissolve the resin so as to 
bring it into the . fluid condition ; here again colza and other oils 
wqpld act similajrly, but the solution of resin in colza oil would never 
iry, and the only use for such a product would be for axle grease^ 
md ^fen for that purpose it would not be very fit, and not only so,i. 

I wo«ld he ^ very costly way of making axle grease. Here agaifi 



ii&sm ou i« 10 my, ibQU m so aoniir to 
toother iW partiOiies of reilo by an elastic bindi|rg agcbt oonstitii^l 
of wie prodnct into which the linseed oil is rAolvId on dryiilg, 
greater the^quantity of linseed oil and the fewer the particles of r^tn 
which it has to cement together, and which are present in a *^'dried ** 
coating of Ornish, the more elastic and durabfe will be that coating. 
It is linseed oil wh^qb givas elasticity to varnishes. If a liiisdSd pil 
SU^sliitute consisting of hydrocarbides, such as rosin oil, be euBsti* 
tuted for a drying oil, e.g. linseed oil, whether in a paint or varnis)|i 
this durability and elasticity is lost, the dried product dissolves in 
weak solutions of alkali, ^nd even in warm solutions of household 
soap, as is seen in the case of the front door of the housewife who 
must always be scrubbing. Her newly painted and varnished front 
door in a few months looks as if it had not been painted or var&ie^ed 
for as many years. Moreover, the melting-point of the dried product 
of linseed oil is high, as any one may satisfy himself by trying tc 
rael! linseed oil skins, but the lUelting-point of the “dried** (/tl] 
product of hydrooarbide oils, e.g. rosin oil, is no better than that oi 
common rosin. Moreover, |he dried product of such oils or varnishCiE 
is soluble in the original varnish, especially in the sun, when th« 
former melts, a fact which gives rise to many exasperating difi|* 
culties when it is desired to apply a second coating of the same paini 
or varnish on the same article. In the cool of the evening thif 
coating may be as “ dry as a bone,” in the heat of the day it if 
simply a liquid pitch, and if the coating does eventually so dry auid 
harden as to withstand the heat of the sun, it is such a mass ,*ol 
cracks and furrows that those on an elephant's hide might well ^ 
compared to them. These cracks and furrows are produced by tn< 
difference in temperature between day and night, producing bundredf 
of alternate liquefactions and solidifications of the coating, into thf 
composition of which this linseed oil substitute enters’ so lai^elf 
Moreover, in the cool of the evening the coating seems to dry, bui 
it is merely surface drying, underneath is a layer of liquid pitch lik< 
that of a lake of asphaltum, and it only requires the heat of the sun 
to melt the surface crust to liberate streams of the liquid obnffnec 
beneath. 

The great function and characteristic property of a drying oil ii 
|o yield on drying a coating of high melting-point, gntaU elhstioity 
great imperviousness, and great durability when exposed to wine 
and weather, and resisting both natural and artificial regents ape 
solvents. ' ' ' 

pr, Ure, writing away back in the fifties of last century, 
entiated between drying and non-drying oils. “ Certain oda 
and eventually dry into a transparent, yellowish, flexible substlknoe 
yrhich forms a skin upon the surface of the oil, and^ retards its ftiAha 
alteration,. Such oils are said to he drying or siccative, and 9ie usbe 
on this account in the preparation of varnishes and ^purs 
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Other oils do not dry, though they turn thick, beootile less com- 
‘bustible, and assume an offensive smell. They are then called raiwid. 
In this* state, they exhibit an acid reaction, and irrjtate the fauces 
when swallowed, 4n consequence of the presence of a peculiar acid, 
which* may be removed in a great measure by boiling the oil along 
with water and a little common magnesia for a quarter ot an hour, or. 
till iT h|,8 lost the property of reddening litmu% ^ While oils undergo 
the above changes, they absorb a quantity of oxygen equal to several 
times their volume.” Dr. Ure might have «aid equal to half their 
weight. 



CHAPTER 11. 

THE pflODUCTION OP LINSEED OIL. 

The best-known and typical drying oil is linseed oil, a product of 
the seed of the flax plant Linum usitatissinmm, a plant belonging to 
the natural order Linace<p., 

On examining the flower of the Linacece, e.g. the flaf plant 
Linum usitatissimum, observe an inner whorl of five stamens im- 
perfectly developed, indicated by short filaments without anthers. 
In some exotic allies the stamens are decandrous from the inner fiVe 



Fiq. l.—The flax plant {Linum mitatiHuimum), after Schadler. 1, flower leaf; 

2, outer leaf; 3, inner leaf; 4, 5, organs of fructification and pollen vessel; 

7, cross section of capsule; 9, 10, 11, 12, seed, natural size and^nlarged; 

Sross and longitudinal sections. ^ • 

becoming antheriferous. A cross section of the ovary exhibits, ap^ 
patently, ten cells. There are really five, each of which becomes • 
more or less “ spuriously ” divided by the infolding of the dorsal 
suture of each carpel. There is also a tendency to a dimorphic con- 
dition in some species of flax, manifest in the different relative lengths 
of stamens and pistil in different individuals of the same species ; a m 
natural contrivance to favour the crossing of the flowers by insect 
agency. • 
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He flak ^imi Jjimm usitaiuivfnum is a native ot Burbp^ SihS : 
Africa, and indigenous to Britain. The' term mitatmirti'iim is welf 
’ merited/ The flax plant has been cultivated from very ancient times, 
liaying been grpwii by the Israelites so far back as wheft they we^ 
in-Egypt. Tlax is cultivated for two objects, firstly, icx its stem, 
^vhich yields by maceration the tenacious* fibres used in me manufac- . 
ture m ^nen, now of such vital importai«;e ir^ the manufacture of 
S^eroplanes that attempts are being made to resusc*itate flax cultivation 
in Great Britain ; this should never have been allowed to die out. 
Secondly, for its seeds, which by expression, or extraction by means of 
solvents, yield (a) linseed oil and (h) the cake or meal obtainable as 
a residual from oil crushing or extraction, a valuable cattle food,, 
which when passed through the stomach of an animal becomes a 
rich a\id valuable manure. That is to say, as a fertiliser the manurial 



Fio. 2. Spray of flax Collective mode of growth, 

.exweta is almost as valuable as the oil cake itself was as a cattle 
food. Besides, the seed contains a valuable demulcent and emollient 
mucilage, which is of great importance medicinally, and, when made 
by the action of boiling water into a mucilaginous drink for calves, isi ^ 
an excellent substitute for their mother s milk. 

Th^ Cultivation of Flax in Great Britain.—Fllx loves a deep, 
friable, rather^ moist soil. It grows well upon land newly broken up 
from pasture. In Ireland it is usually sown by the small farmers 
after potatoes. A fine, nicely pulverised seed-bed is essential, and 
this ,18 rolled after the seed is sown. The usual time of sowing is 
from the middle of March to the end of April, Dutch seed is in the 
highest estimation, affording a greater produce than the American 
saea. and a finer quality than the Riga. The after-cultivation cbn- 
18 8 14 taking up the weeds by the hand — the only way in which it 
.<»n De,yone,^and a tedious process if the land be at all foul. The. 
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' J^isbd by pulling up jkhe plant by the roots. > The is 

' ca^hle with 10 seeds, 3| to millimetres lou^. The produce in seed ;; 
is Irom 6 to '8, and sometimes as high as 10 or 12, bushels per 'ac|fe-| 
Q?he best ortt is kept for sowing again, and the nex* quality is crushed 
for oil. Fll|x, when allowed to ripen its seed^ is a very exhausti^^^e 
• crop, even more so than corn, and in most parts of Britain is 80^ 
little understood th^tWts cMtivation has of late been very limit^cj.^ 
a great deal of flax was at one time raised in Ireland. Its oultiiraj^ 
zone'is almost world-wMe. An extension of the area under cultivation 
at home, in India, and other dominions beyond the Seas is urgent!, 

If superior fibre be desired, then the flax must be harvested before 
the seeds are ripe, and the seeds are then small in size and poor in oil.. 
Although linen fabrics are superior to cotton the utilisation of flax , 
fibres is in most countries quite a secondary matter to that ^f .the 
sefed. The world’s production of linseed amounts to about 3 million 
tons yearly. The chief producing countries are India, the U.S.A., 
Argentina, La Plata, Russian Baltic, Black Sea. Smaller quantities* 
are furnished by Lgypt, Roumania, North of France, Danmark, “ 
Holland, Belgium, and Hi^ngary. 

Linseed Oil Mill Cross-Section. — This section shows roughly the 
methods adopted in the most modern and up-to-date mills for landing 
and warehousing oil seeds from ship or barge, lying alongside the oil 
mill wharf. In the first place, the ship elevator is movable on a. 
longitudinal tramway, so that the elevator can be mov( d about from 
point to point, and the barge completely discharged even when it is. 
aground. In connection with the tramway, there is a longitudinal 
band for taking the seed into the elevator in the cleaning and weir- 
ing house. The cleaning and weighing house would he arranged in 
accordance with the demands of the trade, hut generally would be as 
follows: The elevator would lift the seed into a hopper over the 
weighing machine; from the weighing machine it would fall inta\. 
another hopper, and from thence would pass to the cleaning machinery ; 
from the cleaning machinery it would pass to the main elevator im 
the silo house ; from the main elevator it would be delivered to band 
conveyors, which would take it to any of the bins in the silo house.- 
’ These bins would be arranged to discharge again to band conveyors, 
which would again deliver to elevators, and so to the bins, over th© ' 
Anglo-American rolls in the mill. The bins in the mitt woifld be SO- 
.Arranged that they would hold enough seed for the night shift, when^ 
all the silo house and other machinery could be stopped. 

, Machinery for Cleansing Linseed. The Magnetic Separator, its 
Use and Action. 1. Use. — The magnetic separator is largely used- in 
oil seed crushing mills for separating magnetically any stray pieces ol? 
iron or steel, e.g. bolts, nuts, nails, hammer heads, and such like 
seeds or nuts previous to being ground and reduced, thus obviAiti^' 
.stoppages and complete breakdowns. ^ . 

2. 4^ion . — The seeds or nuts are fed on to a^shakijjg tray* 




^Cross-section showing landing machinery, cleaning machinery, silo house and mill. 
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(covered with sheet steel) which distributes the feed*even]y and forces 
the iron or steel to sink by gravity to the bottom of the stream, which 
then^passes over the revolving magnetised cylinder, the non-magnetic 
material fallkig down in front whilst the stray piecas of iron or steel 
are carried round past the bottom and released and dropped at the 
back. ' 



Fi( 4 i 4 . — ^lagnetic separator for separating ftagmenla of iron fi%m iinseed. 


The release is effected in a voy sim])le mariner liy two commutators, 
(one at each end) breaking the electric current which circulates round 
the magnet coils at the moment each row passes the bottom. These 
commutators also connect each row as it comes to the top, thus, 
magnetising them again. 

Machinery for Screemny Linseed . — Sometimes the screens ftre 
circular. Such screens are used to free linseed from dust and Uimps, 
The barrel or body of the screen revolves in an inclined ^losition,* the 
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^‘higher pbrtion of it being covered witti wiie gauze eu^oient to r4aib| 
^the seed but to allow the dust to pass through. The lower paH of the 
screen rs made of wii^ of sudh a mesh as to let the linseei ^ss 
through, while retaining any lumps or pieces of metal, r The latter 
pass out at the. end of the barrel. Such a screen will cleanse 3 to 28^^' 
^wt. of linseed per hour according to capacity. 

bracing Botls.—ThQ seed passes front the pleaning machiner}^to 
the rolls or crushing mills where it is ground inlo meal. The meal 
is then elevated into the kettle or heater jyhere it is heated and 
tempered, this operation facilitating the flow of oil when in the press, 
whilst much albuminous matter is solidifiejJ. 

Moulding Machine . — From the kettle the heated and tempered 
.me^l is drawn off into the moulding machine or former, where it re- 



Fig. 5.— Screen for freeing linseed from dust, dirt, sand, grit, and metals. The 
* action of this machine are so obvious as to render description super- 


ueives a preliminary pressing before being pressed in the Anglo- 
'American presses. As the cakes are moulded or formed by the . 
moulder they are taken from this forming machine on steel trays pro- ' 
vided for the purpose. 

Presses . — As soon as one press has been filled by the pressman iif* 
this mti^nner Jie turns on the hydraulic pressure to tlie press from the' 
pumps or accumulators, as the case may be. As the pressure* rises 
un the press the oil begins to flow from the compressed meal, at first 
slowly and then very rapidly, gradually ceasing when the bulk of the 
Oil has been removed, and when the pressure has been on 3 or A 
imnutes the flow of oil practically ceases, the oil simply dripping away 
(rom the now compressed cakes until the pressure is tufhed off. If 
moi-e presses than one are being used they are filled one after the other 
until jibe whole battery of presses is charged. The presses are allow^ 
to relnain under pressure for a fixed period, which varies under Snehial . 
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ttovd lb to 40.iriinut6s, and when the proper time hwi' ’ 
. elnij^ed the first press is turned down, i.e. the' pressure is turned ott f 
«ind^be ram allowed to descend, the cakes beltig removed on© hy one 
a8» the ram# descends and fresh charges of meal ^itroduced where** 
-ever a cake b removed. As the cakes are removed they are placed on 
^ table new the paring machine. The man operating this paring 
machine then strips off th|^ bags from the cakes, and pares ,|he^oily * 
edges away from tHh cakes by means of the paring machine, these, 
oily parings being reducgd to meal again and returned to the kettle to ; 
be again worked up. The pared cakes are placed in racks in which 
they are allowed to stand until perfectly coo), when they can be re-» 
moved to the cake house or sto!*e, to be stocked or delivered to cus- f 
iiomers as occasion demands. The cake racks are usually allowed to , 
«tand in the most draughty part of the mill to assist tins cooling pro•^* 
oess. In a like manner other similai* small seeds would he ti’eatod, r 
as, for instance, sunflower, mustard, china beans, some kinds of rape, ‘ 
poppy, and such otli(‘r seeds as require a single pressing only. ’ 


Thk Ck^shing of Linhkkd. 

liolU . — The first })roces3 in crushing linseed is to pass it through 
the rolls. It is conveyt'd to the hopper by an elevator or chute and 
distributed to the rolls hy a fluted feed roll the same length as the 



Pio. 6. — Rolls for crushing linseed. 

feed rolls at the bottom of the hopper. From the feed roll it falls, o 
A gfiide-plate,\'i which carries it between the first and second rdlj 
After passing between these rolls and being partially crushed iji fall 
«bn & guide-plate on the other side, which carries it between the sibon 

• i. 



Fig. i. Oil mill, with 4S Anglo-American presses. 
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Eind third rolls, where it is crushed more fully. It then falls on 
anotjjer guide-plate, which carries it b'etween^the third 9.nd fourth. 
rolls; where it is ground more fully still. In the larger rolls it falls 
oii’a foui-th guide-plate, where it is conveyed betwe?ii the fourth and 
jifth rolls an€ receives the final grinding. The seed is thus crushed 
four times in its passage through the rolls, which, being brougbt^utq 
contact by a combination cff a screw and spring, give a sino^h and 
easily regulated pressure. When the seed falls from the bottom roll 
the grinding is found to Be much more complete and perfect than in 
seed that has passed through rolls and under stones of the old de- 
scription. • 

The crushing of linseed I'osolves the seed into two components : (1) 
oil, (2) cake. Linseed only requires to he pr(‘ssed once. The reason 
for this is because the cake is tin* most valuable leeding stutl which a 
farmer can use, and its b(*st preparation for use as a manure is to pass 
the caCe through th(‘ stomachs of cattle. By so doing the value of 
the cate as a fertilisiu* is reduced very little. The sihhI is therefore 
resolved by crushing into lins(*ed oil and lins(‘ed oil cak(^ ; the cake 
after passing through the, stoniachs of cattle (‘xcels as a fertilise*!'. In 
order to secure tin* Ix'st results in the crushing of linseed, thereby 
obtaining pure oil and a cake that will ])ass tlni scrutiny of the agri- 
cultural chemists, one or t^^<> matt(*rs must rc'iieivi*. ])roper attention 
at the outS(*t. (1) The s(‘ed must lu; ]M‘»fectly clean and free from 
earth, saud, grit, and other (‘xtraneous matter. (2) Tln^ seed must 
be free from all oth(’,r s{*eds than hns(*ed. (11) Oleilerous seeds 
of the tyjie of no..-di-vnig ods retluce all those chemical and physical 
constants which are tyjiical of hnset^Land di>ingoilH, besides being 
objectionable by imp(‘ding drying. Linsetid is sold generally on a 
basis of 95 ])er cent. ]>urity and even as high as 97 per cent. When 
crushing linseed of this degr(!(* ot purity it is not deennul necessary to 
attempt to chnin it to a greater extent. J5ut lower giade inqiure 
linseed is screened liy jiassing through sifting machinery. (4) Linseed 
oil may be contannnatetl with non-oleiferous seeds, or seeds that are 
approximately so, which must lower the yield of oil obtained on crush- 
ing pro raid. 

• Steam-heat ui(j Kettle and Moulding Machine , — The meal heating 
kettle is made fr<im steel boiler plates — not from cast iron — is^S feet 
6 inch^ diamet(;r by d feet 2 inches deep, and it is st(?h.m -jacketed 
round the sides and bottom. The stirrer is actuated by self-contained 
driving gear — belt driving pulley, bevel wheel, pinion, vertical and 
horizontal shafts of polished steel, the whole being supported by a 
strong bracket fitted with gun-metal bearings fitted to the top of 

• the kettle. The kettle is fitted with: (1) internal steam spray for 
moistening the meal with control valve ; (2) steam pressure gau^ ; 
(3) control valves for steam and condensed water; (4) autom^ic 

* shutter. The kettle is covered with hair-felt, for retaining the ^at. 
Coating, for the sake of neatness, is covered by sheet iroi^^ The kettle 
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is itipported'l)yVpair of Btrong’oasf-iron KmokeWi* which 
se^ly fiolted to the mill-floor, thus preventing all vibration. ^s,tlie 
'kettle la mafe from boiler plates, instead of cast iron, a much ^atm 
steam pressure An be sustained, without danger, so th#orushed shed 
can be treated at a. higher temperature, if need be. The ays^m of 
aastdrori kettles has been discarded for some time as Being liable tp 
fr^use, explosion, and leakages. SupeWmpijsjd two-decker kettles 
are made to meet special requirements. „ n . a 

Fig. 8 is a vertical section of the steam kettle of Hallette, and 
a is the wall of masonry, upon which, and the iron pillar, b, the i^n 
is supported. It is enclosed in a jacket, for admitting steam into the 
intermediate space d, d, d, at its sides and bottom ; c is the middle of 
the pan in which the shaft of the stirrer is planted upright, resting by 



Fio. 8.— Hallette’s steam kettle. Fio. 9.— A, steam kettle ; B, mouldin 

machine. 


its lower end in the step e; f is an opening by which the content 
of the pii»n naay be emptied ; g is an orifice into which the mouth ( 
th^ hair oi^ worsted bag is inserted, in order to receive the^heate 
seed, when it is turped out by the rotation of the stirrer and tl; 
withdrawal of the plug / from the discharge aperture ; h is the steal 
Induction pipe ; and t the eduction pipe which serves also to run c 
the condensed water. 

, After passing through the rolls the seed falls into a screw conveye 
which places it in an elevator that raises it to the steam-jacketed kett 
^Figs. 9, iO), where the seed is heated and damped by a jet of steam u 
*agit|(ted by a revolving stirrer. These kettles are of cast iron* and a 
constructed ih the strongest and best manner. There is only one stea 
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a, and that is faced in a lathe or planed quite true. There j 
is ^therefore, little liability to leakage— always a dreadful nuisance. ,, 
Wti^ lagged, the kettle body is fitted with a wooden frame, ^vered 
-wjlh felt, an^the felt is enclosed in iron sheathing. *Up to this point ^ 
the operatioDB are automatic. . . . 

Hydraulic Cahe-f arming and Moulding Machines. — Like^he 
kettle these machineg«are ^uite self-contained. They are ^ed to 



Fig. 10.— Seed heating kettle and cake moulding machine. 

measure the exact quantity of heated meal from the kettle sufficient 
to form one cake. This quantity of meal is subjected to a preliminary 
pressure previous to being placed in the hydraulic PJ^ss* v 

machine is -fitted with a balancing measure frame, made of hardwo^^^^ 
lined with sheet steel, and is complete with meal 
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6 inches diameter, working in connection with the low pressure ac- 
cumulator at a pres^re of 500 to 700 lb. per sq. inch, such pr^sure 
being generally suOicient to show a film of oil on the press cloth,, 
the seed prior to* compression being about 3 J inches de%p, and bding 
reduced by pressure, to about inches. Each machin^is fitted with 



type of moulding machine one man can with perfect ease measure, 
mould, and compress sufficient cakes for four presses, making 64 cakes 
in 20 minutes. 

The automatic moulding machine is worked direct from the low- 
pVessure accumulator, and possesses the following important advantages, 
over the ordinary type of machine : — 

j. Greater Capacity and Output . — Working in conjunction with. 


Fig. 11. — Hydraulic cake-moulding machine. 
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H fpur-'aecker kettle it is capable of heating and moulding sufficient 
cake^for sixteen Anglo-American presses, making 256 cakes every 35 
minutes. A double kettle and automatic moulding machine is* equal 
to tJVvo kettles and two moulding machines of the oldliype. 

2. Lahou^ Savintj . — There is a great saving* Only one man is 

required to mould the cakes for sixteen presses as against four men 
with the ordinary typg 4 )f machine. # ^ 

3. Efficiency , — The work is lietter and more satisfactorily done 
than by hand moulding, irtid the cakes, Ix'sides being pressed from top 
and bottom, are also compressed at sides and ends, so that the seed is 
not apt to spread when preyed in the hydraulic press. 



Fig. 12. — .Showing the internal working of a liand-wrought hyclraiilir jiunip and 
. press. 

4. Economy of Mill-jUtor Spare. -This is considerable. 

5. Cost Liqvi^aicd by Sariny in Wa(fcs.--\i the first cost of the 
double^ kettle and automatic moulding macliine is slightly ^eater 
than the cost of two ordinary kettles, yet the saving in wages, say 50 
to 60 shillings p(>r week, working day and night, pays an enormous 
interest on the increasf'd cost. 

The automatic moulding machine is now, on account of its many 
advantages, gradually replacing the ordinary hydraulic* or steam- 
moulding machine. In the largest oil mill in this country there were 
until recently twelve automatic moulders, each with three kettles, sefv- 
ing ninety-six standard Anglo-American presses, when six mere of 
these machines, each with four kettles, were instilled, both kettles^nd 



. ; ina«Wii68 working in conjurictioi witti anothM set of mnet^. 

: presseg, eadh moulding machine feeding a battery of the press^. It ^ 

. ia, a^yiaable to install two, three, or four-decker ^tettles, according to 
?j|the number of the presses to be served,^ so as to ensure ^tter lieafing 
; and moistening of tjie meal than when a sin^e ke^tle'ls used. The ) 
this method of working is that the yield of oil will be con->f 
^.^iderably increased, the amount of oil leff in tk^ cakes being of course ] 
ciorrespondingly less with a larger percentage of moisture. 



^ Fig, 13. — Sectional drawing of a 
* Geymau oil press. 



Fig. 14.— Showing a longitudinal sec- 
tional view of the circular cake oil 
press shown in Fig. IS after the 
press boxes have been charged and 
pressure applied. Note the new 
position of the ram B and the colleci' 
tion of the oil*in P from which it' 
flows by spouts G to H. 


.h«l!L ‘he are placed in the cavities of ihe 

ha ves or press boxes EBB and then the ram B starts working 
Is It ascends each is energetically compressed between the baro 
e press box containing it and the projecting bottom of the box 
iMt »>»ve It. To resist the pressure the head piece C of the pre^ is 

thence to ddivery spouts JJ, an5 thus through the pipes to 
he Vertical oil shoot leading to the oil reservoir. ^ ^ 


pftitt'aS iifedtin' oil o^lh^ lipw 
Ife readily understood from a ^reful study ^ ^ 

^ The pr^BS installation below , shows two sets ojf tiie lateit aiid 
imjitoved type of "Bremier** presses as used in ^ne of the '‘mosij^ 
iidportant oW mills 16 England. Each*;8et consists of two pre^ses^ 
having “cages’’ or cake chambers 19 inches diameter and 9 fe 4 t ^ 
long internally. Eac|jipre8S%as its own kettle 5 feet diameter b>aflhet 
2 inches inside dimensions : the whole! installation , is obnstruoted, in . 
f^t, on the most modern* lines and is suitable for a working prasadre , 



8 tons on the sq. inch of the ram. The presses illustrated are for 
the moment engaged on the first pressing of castor seed. The seed is * 
fed whole to the kettles heated by steam to a temperature of aboutk’ 
^ F. and afterwards pressed in the presses to the pressure indicate^c . 
The resulting cakes contain only 10 per cent, of oil and frequentlj^'l? 
^88, r^nt analyses showing only 8'5 per cent, of oil remaining in 
sake. " The percentage is on the weight of the cake, and nqt cgi Ilia 
bofal amount, of oil*in the seed prior to crushing. . • 
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These inllls are on the Anglo-American system worked in com- 
, bina^on with “Premier’* presses, and are designed for expressing 
the oil from seeds and nuts which require two pressings, the ^first of 
which may b8 either hot or cold. • 

The mill ^illustrated in the plan is designed^ for the woi'kitig of 
ground nuts, sesame (gingelly), and other similar small oil seeds, and 
•consists of a No. i Ai^o-Aitierican mill working in combinatic^^ith 
a pair of “ Premier ” presses. 

The process is as follows : The s(‘ed to h(‘ treated enters the mill 
at point A, and is ground by ji set of Anglo-American rolls B; the 
rolled seed is placed by the (devator C- into the kettle D of the 
■“ Premier ” presses and the first ])ressing elVected in these presses EE. 
The cakes from this pressing are then broken uj) by the cake-breaker 
E, and falling into the elevator (i, art* f(‘d into a disintegratoT H, 
which ^reduces the broken pieces to meal, which is jilacod by the 
elevator J into the Anglo-American kt'ttb* K. from which it passes 
throuf^i the moulding machine L to tht* Anglo-American presst-s M 
(four in nundier). The jiaring machine is show n at N , and the pressure 
pumps at O. I 

These mills are mad<‘ ii]) to any si/e, the above being a single 
block or “unit”. Tliey can at any time he worked on the ordinary 
Anglo-American system for linseed, cotton s(;ed, etc. 

The hydraulic jiresses on the “ f jeeds ” syst(*m ai i* spi'cially designed 
lor pressing the oil from palm K(*inels, c.opia, (;astor, sesame, ground 
nuts, East Indian rajie, (ierman rajx*, ])oj)])\ seed, etc., and are equally 
•suitable lor cold or hot ])ressing. Owing to tin* high pcu’centage of oil 
contained in the ahovi^ seeds and nuts, it is only possible to extract* 
the oil etliciently when the nu'al is confined during tlui time it is 
subjected to pressure in a ])ressmg cagi* on the “ Leeds ” system. Hy- 
draulic presses on the Anglo-American and similar systmns are un- 
suitable for any kinds of seeds or nuts which yi(‘ld mori; than 115 per 
cent, of oil in the first jiressing, owing to the difficulty of keeping the 
meal from spreading and esca])ing to a largi* (sxUmt from such presses 
immediately it is sul)]ect(*d to ])ressure. Hydraulic presses on the 
“ Leeds” system aie usually worked in hattei les of two, three, or four 
presses receiving their sujijily of meal from one, kettle, the latter being 
suitable for worl*ing the meal eitlier in a hot or cold state. The 
presses possess the following advantages:— ^ * 

, 1. The pressing is pracf ically continuous with the exception of the 

time required for em])t\ing and filling the pressing cages, the remain- 
ing presses being in the im^antiine under pressure. 

2. The improved “ Leeds” pressing cages are so constructed that 
I? the meal when under jiressure is retained in the cage, the oil in the 
meantime being extracted and flowing freely through the minute sljjts 
of the cage, falling by gravitation into the receptacle at the bottom of 
the presses and thence into a special settling tank. The edges df the 
pressed cake do not require paring. The quantity of seedg whid^may-. 




iJ’Qm cage auntig tbe proceed of pressing 

en6rinou8 saving of press cloths or. ynite (apprtw^ 
mately SQ per cent.) in comparison with those.used in Anglo-Anie^jiewSi f 
01 ^ similar ^presses. Easy manipulation and econority in .labouri^p^:< 
*ikilled men ^ing required. For working four of the Ifi^gest iiiseS^ 
grasses only three or four men are required. * ' i ' 

" Each press hold^ .sixtd^n cakes, and is furnished witlM^^ 
■cylinders 16 inches in diameter, which carry a working>^^ pressure 
of If tons on each square inch of the ram. All the OQlumnSi^' 
cj^lindew, rams, and heads are planed and tin ned accurately togauges^^^ 
to » ensure that every part will tak(; its due proportion of strain atid ^ 
3!it0 more; the pockets that take the columns are not cast asdsusuj^L 
with fitting strips top and bottom, but are all solid throughout^ and arC' 
all machined out of the solid to gauges. . 

Pumps , — The pumps for working the presses in the Anglo-Amerioi^#*' 
system^ of oil crushing are made of the highest class of crucible Oftsfik. 
steel, and are all boi-ed out of the 


solid. Two of the pump rams are 
2-J inches in diameter and hafe a 
stroke of 7 inches. These rams 
give only a limited pressure, and 
the arrangements are such as to 
give the limited pressure on each 
press in about 14 seconds. The 
pumps then stop auionuitically. 
The w’ork is then taken u}) by 
two other jmraps having rams 1 
inch in diameter and a stroke of 7 
inches, and is continued by them 
until a gross pressure of 2 tons 
per square inch is attained. This 
is ,the maximum and is arrived 



a|; in less than a minute. The fio. 18 ,— Hydraulic presauro pum|«. 
oil as it comes from the presses 

falls into the tank underneath, which serves as a foundation for thi 


presses, and is pumped from there into the store cisterns. 

The cake plat§s between which the meal is pressed are all ^yel 
fitted apd have a corrugated surface. If a brand be required Stx 
#^ke, say, letters about 3 inches long are clearly cut into one Sidi 
the plate and all the remainder is corrugated. These plates ar 
all made of wrought and cast malleable iron. ' ^ f - 

' , ^Cake Paring and Moulding Machine . — The cakes require .i)arili| 
^ parer strips his cake and lays a number of these on a stool^ 0 
tabje. He takes up one and lays it on the machine, havingyohe^sidi 
|pa^|bllel £o the trough and overlapping it about an inch, one end bei4j 
placed against a fence, either to the right or left, depending on %h^ 
|Stlx>ke ihe in^hinq is taking. The knife ^block passes along an4<lbt 



58 ICTHB MANUFACTUEE Ot VARNISHES. 

one side clean and straight. The cake is now turned over and tlie 
other edge treated in a similar manner. He now turns the cal^ half 



Fi<j. 19, — Hydraulic pump. 



Pio. 20. A rectangular cake plate with Japanese brand. 


ro»d, places one side against a fence, and cuts off the oily part at 
■one^end, then reverses the cake and does the same with the other end. 
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The dake is now ready for the market, and has been pared iSy two. 
doubil^ subrokes of the knives, the speed of whi^ is about thirty per 
minute. Fences or gauges may be added to give all the cakes one 
exact length and breadth, but these make more parings, as the fences, 
have to be sef^to suit the worst cakes. These machines can be dfiven 
by a shaft either parallel with or at right angles to the knife bar, aiid 
are suitable for paring,either*parallel or taper cakes. 



Th% Double Parimj Machine.-— Thin machine is desi^^ned to pare 
^the pressed cakes from the 2)resses to one uniform siz(i and suits either 
taper or parallel cakes. All the moving parts, with the exception of 
the driving pulleys, are under the table, this system securing great- 
steadiness in running. The pai ings, after they are cut from the cakes, 
• drop into a central trough (in the table) fitted with a worm conveyer 
which carries the parings automatically to the paring stones and with 
improved chopping knives which break up the parings. Each paring 
machine is suitable for paring the cakes from two sets of Anglo-^ 
American presses, producing 256 cakes per hour, two attendants j)eing. 
require^d, who also strip the press cloths from the pressed cakes. 


“ WeWldal' with th^i^bora exoe^^aS 
w w taiteble ody for jparfng the cakes from one ^t of ^t^lo-Amfgrican': 
P*®*^*^ pri^ucing l28 cakea per hour, one attendant being ^guireda j^ 



Fio. 22. — Edge runner. Front view. 


Combined Paring and Triturating ilfac/i iMc.-This machine is 
Identical with previous ones, hut is fitted with improved machine for' 
. ^ triturating or granulating the cakes 

from four Anglo-American presses, 
producing 128 cakes per hour. 

liidijG Hunnsi’s fov GTindin^ 
Cake Par ings.-^l. Gear driven from 
above (Figs. 22 and 24).— The par- 
ings are taken to the edge runners 
to be ground. These are made of 
the best Derbyshire grit stone,' and 
are furnished witfc a set of cast-ifpn 
centres. One centre has^^a lOng 
boss on it, which passes right 
' OQ -Cl., ^ through the stone and the centre 

^ Fio. 28.-Edge runner. Plan. on the opposite side, and has a long 

' , brass fixed on each end of it. These 

Wires are securely fixed to the stones with bolts that pass through 
hem, and they are also run into .the stones with lead or cement. ' On 
m out^de centre there is a cap fixed with screWs, quite oil-tight and 
^ough to hold several pints of oil. The spindle dn which the 
foiie fovolves passes through the centre of the upright shaft, and thb5 









, ^f- I VPm aw'-TTtww VVH«^lf|« ;JUf*»?|»0 fgjlkU 

£■ cijBaoribed abbve, and i^vol^ anoio):^^ 

in' them, thus causing such a peifeit lab|ioatioii bf llti 


spihme aa to Aake it quite unnecessary to withdraw •it' oflener tiuM 
onoa in several 'months. The casting that carries the vertical s ha f 
pdss^ througlf the bed-stone and goes beneath if, prbjeoting beyoiic 
its circurnference at six poinW, where it is attached to the oiroulav{li(^ 
above by six brackets.* The top of this casting is fitted with a^*‘ 



Fig. 24. — Edge-stones. 


wustrujted in several parts, which can be removed or r^lacedfin a 
feiv minutes without disturbing the driving wheels; The vertical 
ah^ft is made of cast iron, about 7^ inches in diameter, » having 
l^long chamber or navel formed in the centre, into which is fitted it 
^istrobg cast bush having a brass bush at each end through which thi^ 
•"itone spindle passes. The bush Is free to rise and fall in the navel as 
^Jtnaterial is added to or taken from the stones. All the sweepers aiii$ 
p^weeper frames are made of wrought iron. The circular pan is madh 
<Jof ^st,iron, dished slightly, and having a rim round its circumi^rabce, 
fT^^bes deep. All the bearings are brass, .made veiy heayj)^ ilh 




wm. 


^ unusually ^png. The ground parings are carried from t ^ 

by a conveyer, from which they fall into the seed kettle. 

, 2. ‘Belt driven from underneath (Fig. 23).— These 'stones are conr 

® structed in a siAilar manner to ordinary pdge-stones, bfft are provided 
witb I'W'o carfe plates instead of one. The higher carfe plate is-per-^ 
forated so that the material that is being ground may ^ass through it," 
as Slion as it is sufficiently pulverised, wBen it. falls on the lower plate, 

^ where it is gathered together and discharged tlirough a shuttle at any 
convenient point. The fineness or coarseness of the perforations l*egu- 
Jates the texture of the ground material. For grinding anything that 
has to be reduced to an almost impalpable powder, these stones are un- 
suitable, but for griudini' any material that is improved by being kep4 
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but; it is also equally applicable to any hydraulic oake-moulding 
macj^ine. It regulates the number of cakes that can be made in any 
given time, and the attendant can only forfii a cake at such in- 
tervals as ma’Jr be determined by the mill manager, thus ensuring that 
the meal shall be evenly mixed, uniformly heated, and regularly dis- 
tributed to th^ presses. Inter alia, there are a very great reduction in 
wear and tear of baling, iff better and more regular yield of .6^ lit a 
lower working pressure, and the improved appearance of the finished 
cakes. This regularity is got by aid of a hydraulic control valve 
which allows the pressure to pass only at predetermined intervals. 
The valve is actuated by at worm and worm wheel from the kettle, 



Fro. 2C. — Bathurst kettle eoutroller as applied to the patent self -acting seed 
. kettle and cake-moulding machine. 

ppright or cross shaft, or from any other convenient shaft, and any de- 
sired variation of speed may be obtained by change wheels. This 
control apparatus*can be applied to any existing motdditjg macl^ine. 

Ilffdraulic -Gauge, Fig. 27, of tb(3 most im})roved con- 

struction and fitted with maximum indicator, with lock-up, including 
piping and fittings connecting the gauge with the press. A similar 
gauge to Fig. 27 is sometimes fitted with an alarm bell mounted orr 
a polished board. The bell is intended to ring when a certain 
predetermined pressure has been reached. The bell contains a clock 
movement, which is wound up by turning the knob on the top^of 
the bell, and is set in action by a set of rods connected with the 
spring of the pressure gauge. The pressure at which the alarm ^alll 
VOL. I. 3 
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be given is arranged by setting an index pointer to the desired pressure 
on th^cale, the pointer being secured to the vertical rod in the desired 
position by means ot two small milled nuts. * The action of this 
apparatus is vefy reliable, and it can be confidently redbmmended. 

THb AutofUdti^ MBchcinicdl Coutvol of Oil-seed Ijrushiiuf* 

wood it Batlcifs Automatic Recorder. " , V * 

Description. This apjmratus is designed to give a continuous 
record, in the form of a diagram, of the work performed by a system 
of hydraulic presses in the course of an interval of 12 or 24 hours. 
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which this pressure was maintained. (4) The rate at which the 
pressure was reduce(J, and the time occupied in reducing the pi^essure. 
(5) The number of times the several presses were brought into opera* 
tion, and the distribution of the work during different parts of the day 
or night. The apparatus is attached to a wall by means of a bracket^ 
^d .the pipes projecting beneath the apparatus are connected to the 
cyllfhders of the presses. The pressurelrom ^ch press enters a steel 
tube, which is constructed similar to those employed in high pressure 
gauges. The displacement of the end of the tube is transmitted to a. 
parallel motion carrying a pencil, which marks the diagram on a slip 
of paper mounted upon a drum. This drum is rotated by clockwork 
at the rate of one revolution in 12 or 24 hours, the hours being marked 
by vertical lines on the diagram. The upper part of the apparatus is 
enclosed in a glass case, which can be opened and locked if required. 
The indicator is arranged to register the work of four presses simul- 
taneously on the same slip of paper, the diagrams of the different 
presses being entirely indejiendent. The apparatus is made very 
strong, the workmanship being of the highest excellence throughout. 

Valves . — Ever since the introduAion of accumulators into oil 
mills an automatic valve has been a desideratum. It is claimed that 
the “ Ideal ” valve supplies this want. The whole of the fittings are 
contained in a solid, forged, mild-steel block, and all are of special 
quality gun-metal or cast steel. The valve is entirely automatic in 
its action and does not in any way depend on the attention of the 
pressman, who only has to open the valve when he is ready to send 
the press ram up and close the valve when the press ram is to be 
t lowered. When the admission valve is opened the low pressure 
flows through a regulating valve at full bore until the slack in the 
press is taken up, at which time the resistance in the press gradually 
closes this regulating valve, thus reducing the speed of the rise of 
the ram and saving wear and tear of bagging. This valve, however, 
does not quite close and consequently the pressure creeps on until 
the maximum pressure of the low pressure accumulator is reached, 
when the high pressure valve is automatically opened and the low 
pressure service is cut off by a check valve. The flow of the high 
pressure is also regulated by suitable means to prevent a too rapid 
rise^of the ram. When the pressure has been ©n the press for the 
desired leifgth of time, the admission valve is closed and tjie press- 
ram falls. Special stop valves are supplied in each main valve so 
that the valves may be ground in when necessary without any other 
press out of action. The “ Ideal ” valve is simple and efficient and is 
not likely to get out of order, and once adjusted is always adjusted 
and certain in its action, and its makers claim for it a maximum yield'’ 
oil and a minimum wear and tear of press cloths. The system 
can also be applied to presses working with three pressures, such valves 
beffig chiefly used in connection with cage presses. 

^xtraciion of Linseed Oil from the Seed by Solvents , — As linseed 
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does not lend itself kindly to extraction by solvents, the process is not 
of in^portance ; those interested will obtain fiill^articulars in Andes' 
“Vegetable Ods ” (Scott, Greenwood Son) ; in addition Figs. $1, 32, 
33, are shown, illustrating character of plant employee!. 

The main reason why linseed is not submitted.to extraction is due 
« to the fact that the residua^ meal would be devoid of oil ooptept* 



. River craft, 

. Ship elevator. 

. Seed cleaning screens. 

. Band conveyers. 

. Crain silos. 

. Crushing rolls 
. Nut breakers 
. Elevators. 

. Preparatory rolls. 

. Extracting pots, 

. Bins. 

. Drying machines. 

. Screw conveyors. 

. Pulverators and weighing machine 
En^ne. • 

. Boilers. 
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'F, Vacuum oil i separators. 

C. Kv{i]K»rating stills. 

V & W, Dephleginator plant. 
\. H tl vent trap tank. 

Y. Solvent stores. 

Y*. Mixed solvent tanks. 

Z. Oil .store tank. 


F.o. 33. — Ground plan of solvent extraction plant to treat GOO tons per week. 


liixtractive methods, however, are employed in the laboratory, for in 
organised mills it is reasonable that each delivery of linseed should be 
regularly sampled and the percentage of oil ascertained by means of 
some such apparatus as shown in Figs. 34, 35, 36, the working of 
which is illustrated by Fig. 34 and explained as follows : — * 

The solvent distilled from B ascends tube A into condense# K, 
from which it falls on to a weighed amount of material Jo* be 
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extracted, enclosed in a “thimble” of bibulous filter paper, or in its 
absei^ in fine wire gauze, and laid in the wide centml tube of A,' ; 
from which^ charged with oil, it runs off automatically through left 
syphon tube into B, whence it is redistilled, and so tlie cycle goes on 
until the material is exhausted of oil, when the flask is detached, the 
ether distilled off, and the residual oil weighed. 

By such means dgtenniRation of the oil content of cake, from 
the different presses would also be made, hence avoiding production 
of unsaleable cake caused thi-ough want of correct oil percentage 
guaranteed by vendors. Example : If an oil miller purchases 1000 
tons of linseed containing per cent, of oil, and he guarantees his 
cake to contain, say, 13'3 per cent, of oil, when stocktaking he should 
be able to account for 250 tons of oil and 750 tons of cake of above 
oil content. The following table gives percentage of oil obtainablb by 
extractive methods from different seeds, etc., also percentage of oil in 
cakes.: — 

PERCENTAGE OF Oir.S IN DIFFEItENT SEEDS, ETC. 


f 


100 I’iirts of Each. 

Oil i)er (Vat. 

Walnuts 

40 to 70 

Castor- oil seeds .... 

02 

Hazel nuts .... . . 

00 

Garden cress seed 

50 to 

Sweet almonds 

40 „ 64 

Bitter ,, i 

28 „ 46 

Poppy seeds 

60 „ 08 

Oils* radish seed 

60 

Sesamura (jugolino) 

60 . 

Liino-treo seeds 

48 

Cabbage seed 

30 to 39 

White mustard 

30 „88 

Rape, Colewort, and Swedish Turnip seeds . 

83 ‘5 

Plum kernels 

83-3 

Colza seed . . .... 

30 to 40 

Rape 

80 „ 30 

Epphorbium (spurge seed) . 

.SO 

Wild mustard seed 

80 

Camelina seed 

28 

Weld seed 

29 to 80 

Gourd 

25 

Lemon 

25 

Onocardium acantJis, or boar’s foot 

25 • 

Hemp seed 

14 to 25 

Linseed 

.S5 „ 45 

Black mustard seed 

15 

Beech mast 

15 to 17 

Sunflower seed 

15 

Stramonium, or thorn-apple seeds 

16 

Qrapestones 

14 to 22 

Horsechestnuts 

1-2 „ 8 

St. Julian plum 

18 


To obtain the above proportions of oil, the fruits myst be^aH 
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go^ quality, deprived of their pods, coats, or involucra, and of all the 
parts destitute of oil, which also must be extracted in the best manner. 


PERCENTAGE RATIOS OP OIL AND FREE FATTYtACIDS IN Oil 
SEEDS AND IN OILCAKES 


. — — 



% 

I ^ 


Seedfc 

. 

• 

• 

Cakes. ' 


100 Parts 

Seed 




7' 


contain ; 

100 Parts of 

Fatty Acid 


1 




the Total Oil 

Total Oil 

1 Free Fatty 



I 

contains 

in Cake. 

in Cake. 

Acid in Oil, 


Free Fatty 

1 Total 

Fatty A(kI-». 

Per Cent. 

Per Cent. 

Per Cent. 

— 

Acids. 

1 Oil. 




RapG*8eed . 

Kohl Rabi seed . 

0-42 

0*32 

1 37-75 
41-22 

1-10 

0*77 

0-93 

8-83 

10-55 

Poppyseed . 

Earth nut keniek 

It husk . 

Sesame 

Palm kernel, with 

3-20 

1*91 

1-91 

2*21 

46-90 

46*09 

4-43 

51-59 

^ I 1 

6*66 

4-15 

43-10 

4-59 

5- 66 
1-42 

6- 15 

9*63 

7-65 

15-44 1 

58*89 
. 18-62 

40-29 

6 per cent, husk 
Koprah 

Castor . 

Linseed 

4*19 

2- 98 

3- 21 

49-16 

67-40 

46-32 

8-53 ‘ 

4-42 

2-52 

1-47 

1-31 

1*27 

10-39 j 
13-11 ! 
6*53 

14-28 

10-51 

20-07 

’ . 1 




0-75 

8-81 

9-75 



CHAPTlSE III. 

COMPOSITION LINSEED OIL— MUCILAGE OR FOOT^. 

Freshly crushed niw linseed oil, or even oil that has not been tanked 
for some considerable time and has thus earned the distinction of old 
tanked oil, in other words, •il that has not been allowed to settle out 
by direct deposition, not only its suspended matter but also the im- 
purities which it holds in solution, underf^oes a change when heated to 
400° F., a change by which the previously clear yellow becomes tifrbid. 
This change the oil boiler or varnish-maker describes as “ breaking" 
or “ spawning Gelatinous transparent flakes appear in the oil about 
the size of herring scales. Although they, eventually aggregate to- 
gether into masses slightly darker in colour than the raw oil, none the 
less the removal of this breifk or spawn from the oil by filtration is- 
exceedingly difticult. But the flakes at the moment at which they 
separate from the oil are colourless, clear, and transparent as the most 
colourless mica Hakes, and it is said to be a characteristic of Baltic 
linseed oil that when heated to the breaking-point it assumes a beauti- 
ful blue colour, which the author has observed in many cases, but 
whether all such were Baltic oils he is not prepared to say. In any 
case, the blue colour is only transient and is much paler than the 
previous yellow colour. There is no doubt that the oil under th^ 
action of heat throws out colourless mucilage, and the colouring 
principle of the oil is carried down therewith as foots. P'oota 
do not by any manner of means consist of the break nor of mucilage 
pure and simple. The volume or bulk of the break gives one the 
idea that the proportion of mucilage in the oil is somewhat large, 
but the actual weight present is very small. Thompson heated 2-J 
kilogrammes of linseed to breaking-point. The oil was cooled and 
filtered. As the precipitate clogged the filter it was removed to a- 
glass where it was washed with petroleum ether by decantation*. 
The non-oleaginons residue weighed 6*93 grammes « 0*277 per cent.- 
of original oil. On ignition a portion of this residue gme 47*?9 per 
cent, ash = 0*1177 per cent, of original oil. The oil filtered from 
break contained 0*0039 per cent. ash. 

ANALYSIS OP ASH FROM “ BREAK ” OP LINSEED OIL. 


Per Cent. 

CaO 20*96 

MgO 18-64 

PoOs 69*86 

SO 3 trace 


99*86 

(43) 


Total 



■f4 if UHE ' MAKUFACJTW; 0 ^ ^ 

The ash from the “ break ” contains F^O^, an excess of wnat would 
!^orm an orthophosphate with the bases present. The oxygen ii^ the 
PgOg is' to the oxygen in the bases in the ratio of 5 to 2, corresponding 
closely to that required by a pyrophosphate. 

TABLE SHOWINGf ASH PER CENT. IN VARIOUS SAafPLES OF 

* • AMERICAN LINSEEf) OIL. 

Sam FEES. * 

1. 2. 3. 4. 

Per Cent. Per Cent. Per Cent. Per Cent. 

0-1429 0-19G7 0'0609 traxje 

1. Freshly double filtered raw American linsdfed oil. 

2. Freshly double filtered raw American linseed oil. 

3. Good well settled raw American linseed oil. 

4. «Best American varnish oil. 

ANALYSIS OF ASH FROM SAMPLE 1. 




Per Cent, of the Oih 

CaO . 


. 00235 

MgO . . . 


. 0-0221 

P,0„ . . . 

. ♦ . 

. 0-0705 

K.p . 


. 0-0043 

S0;j . 


. 0-0027 


Here again the excess of bases and present largely in 

pyroform, Thompson quotes Mulder as speaking of the presence of 
CIaS 04 in linseed oil (but that has been shown to be quite wrong). 
No one, says Thompson, had hitherto mentioned the presence of phos- 
phates. To locate origin of ingredients of linseed oil ash, Thompson 
analysed the ash from American flax seed and the linseed oil cake 
made therefrom. 

TABLE SHOWING PERCENTAGE OF ASH IN AMERICAN LIN- 
SEED AND IN THE LINSEED OILCAKE MADE THEREFROM. 
(THOMPSON.) 


1 

i 

1 

L.nseed. 

Per Cent. 

Oilcake. 

Per Cent. 

Ash ; 

3 112 

4-899 

N.A • ... 1 

1-83 

.1-51 

FeaO,Al ,03 . . . . i 

1-25 

1-59 

CaO^ 

9-40 

9-24 

MgO 

18-31 

18-52 

K.jO 1 

26-18 

i 26-14 

Na,0 1 

1-71 

: 3-59 

SO, ' 

3-96 i 

3-51 

PgOs j 

35-44 

36-28 ; 

1 


These analyses confirm previous ones. If the ratio between the 
pxfgQn and the bases and the oxygen in the phosphoric anhydride in 
an Oithophosphate be as 3 to 5, then the bases are here in excess. The 
CaO, MgO are dissolved to some extent by the oil. Very little 



COrf^OSmOH OiP 

, ' ■•" ^ ‘ ' ', ' ,, 

of the chief baa^e potash is taken up by the oil. Schmidt, Kirchne^'^j 

’ and^ollans reported phosphates in the mucilage from linseed. These* i 
phosphates in linseed are probably largely combined with mucilage, 
and the compound ao formed dissolved to some extenlf by the oil. Thia 
requires confirmation. Thompson examined a jjortion of thoroughly 
extracted break for mucilage and obtained no reaction. The break waa' 
heated with dilute HCl for a few seconds, cooled and filtered, and,alcoliol 
added. No precipitate was obtained. It may have been, says Thomp- 
son, that the mucilage was decomposed at the temperature applied. 
Thompson tested for albiimenoids in linseed oil and found nitrogen 
less than 0*01 per cent. The same sample showed 0*04 P. This pointa 
to the phosphates being comparatively much greater than nitrogenoua 
matter. A portion of extracted break showed some N, although lesa 
than 1 per cent, of the “ break The P, on the other hand, amounted, 
to 9‘60 per cent, of the break = 57 per cent, of ash in break. 

Mucilage is therefore a normal ingredient of raw oil which from 
a technical point of view is generally regarded as an impurity. More- 
over, unripe wet seed yields an oil rich in mucilage. Linseed oil 
which has passed through I'f filter press contains little mucilage. In 
many factories it is filtered through cloth filters, and the rnucilago 
retained is mixed warm with the next batch of freshly cleaned seed 
and pressed. The oil so obtained is rich in mucilage. When linseed 
oil is stored in a tank it deposits a large amount of mucilage as foots^ 
part of that dissolved by the oil. Mucilage is not a simple body, it 
varies with the different substances present in the seed which during; 
the process of oil crushing pass into the oil. The amount varies under 
whatever circumstances hut very little. However, linseed oil may bp 
clear and bright and yet contain mucilage. When such an oil ia- 
rapidly heated to 250° to 300° C. (482° to 572° F.) the mucilage separates* 
out in flakes (the oil often assumes a bluish-green coloration). The 
foots occupy a large space and there seems a great weight of them ; 
they are extraordinary bulky so that their actual weight turns out 
very small. Mucilage appears during the conversion of linseed oil 
into boiled oil so that its removal is desirable. Mucilage-freed oil i» 
termed “varnish oil”. Instead of removing the mucilage by heat,. 

•attempts have been made to precipitate the mucilage by cooling. 
G. Bentz exposed mucilaginous oil to a temperature of about - 4° 0* 
for abput 24 hours, and on again warming the oil so treaied onl^ quite 

' a small quantity of the separated mucilage again dissolved in the oil. 
According to Niegemaim this conclusion regarding linseed doee 
not agree with his own researches, in which it dissolves during thiQt 
separation of the unsaponifiable. It is therefore absent. The un- . 
saponifiable content of linseed oil is a homogeneous waxy mass 
soluble in hot alcohol. Bomer crystallised the unsaponifiable from 
linseed oil, three to six times from hot alcohol, and thus obtaAed 
colourless monoclinic crystals of phytosterin, m.p. 137*5 to 13^° 0* 
The variations in the properties of phytosterin are accpunted^fdr by 
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the fact that various vegetable oils, in addition to phytosterin contain 
other alcohols of hi^h molecular weight, also carbides in small 
quantity. Niegemann's statement that linseed oil unsaponiSable 
contains unsattft-ated albumenoid bodies is unfounded, as during 
saponification these would be resolved into substances insoluble both 
, in ether and petroleum ether. Kesearches have showh that linseed 
oil cooled to near its freezing-point — viz^to about - 20° C. — and then 
filtered at a little higher temperature, was always below 0° C. The 
linseed oil so treated was no longer turbid, and the precipitated 
mucilage was oil-free. Fraine heated linseed oil with a small quantity 
of ground quicklime, but according to Niegernann the oil so treated 
darkens on subsequent heating. Stelling prepared a special filter in 
which the mucilage was subjected to catalytic action : it was first 
treaifed with a solution of nitrate of manganese, then with a solution 
of borax. Fuller's earth has been used to free linseed oil from muci- 
lage. The oil is filtered through a deep layer of the coarse earth or 
it is intimately mixed with the finely pulverised earth and'passed 
through a filter press. That the mucilage is completely removed in 
this way is somewhat doubtful. Liebig was familiar with linseed 
oil mucilage and believed it to hinder the drying of the oil. On 
prolonged storage, heating with metallic oxides removed it. On 
his direct instructions the oil was treated with lead acetate. Mulder 
denied that mucilage occurs in good linseed oil. 

Cold pressed linseed oil passes turbid from the press, but it 
olarifies on standing, filtration, or treatment with chemical reagents. 
That warm pressed linseed oil can dissolve albumen can hardly be, as 
it would coagulate at the temperature used. Plant mucilage would 
become dry and insoluble. Mulder treated a hot pressed oil with 
lead acetate, and so obtained a very oily deposit in which he found no 
mucilage, only lead soap and lead carbonate. Wcger remarks that 
Mulder must have used a specially good sample of linseed oil, also 
that his method of identifying the mucilage was defective as it may be 
present in perfectly clear oil. By treating oil with wood charcoal the 
dissolved mucilage is removed. On pi-olonged heating of the oil the 
mucilage separates out. Weger filtered off the mucilage separated 
by heat and tried to free it from oil by keeping it on porous tiles, but 
did not do so completely. It then formed a gelatinous transparent 
mass, with thick surface layer in a few days. Such a mucilage 
•shows a refraction of 77’5 against 724 for the oil not freeS from 
mucilage. liinseed oil mucilage must not be confused with linseed 
mucilage obtained by extracting linseed with ether and precipitating 
the aqueous extract with alcohol. The mucilage so obtained contains 
many mineml substances, especially phosphates of lime and magnesia, • 
al|o SiO.^, SO 3 , Cl, K, Na. The organic portion contains no starch nor 
traces-of cellulose nor leaves sugar on hydrolysis with dilute acids. 
O. W. Thompson made several examinations of linseed oil mucilage. 
He l^ated the fresh expressed oil to 400° F., filtered the gelatinous 
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prepipitate, and washed it free from its contained oil by petroleum 
ether. The insoluble residue formed 0*277 per cent, of the linseed oil. 
It contained 47*79 per cent, of ash, chiefly CaO ' MgO, How- 

ever, C. NiegecSann believes that linseed mucilage conliists in greater 
part of an albuminous body. Extracted at 120“ C. on flltration it is 
pure white ; its Solution in acetic acid gives with coiicentmted sulphuric 
acid the characteristic violet fraction of albuminous bodies. Kochs 
heated fresh linseed oil, fet it settle, and treated the precipitate obtained 
with ether. His amount was only 0*00 of the weight of the oil, which 
was greyish-white. It had a faint smell of trimethylamine which be- 
3ame stronger on heating, shoving signs of a decomposing albuminous 
body. Under the microscope mycelium, spores, mucilagenous alga'‘, 
lust particles, fibrous particles, hair fragments, etc., were noted. On 
ireatment with dilute IICl the substance reduced Fehling’s solution, 
iue to a carbohydrate. From the Chi found a linseed mucilage of 1G*3 
per cent, was calculated. On a second exjieriment with Indian linseed 
)nly 0*009 per cent, of an apparently solid jirecipitate was obtained 
rom which 11*3 per cent, of an albuminous body was calculated 
rom the N content, 9*1 per Aent. ash, and al)out 80 per cent, of 
inoxin. Eisenschiml and Copthorne found a separation of mucilage 
n the foots from expressed oil and from naphtha extracted oil. Whilst 
ihe ash of the first consists in greater part of CaO, MgO, p20,r„ it is 
ree from silica, and that from the extracted oil on one occasion showed 
IS much as 34*8 per cent. Whilst the inorganic ])ortion of linseed 
)il mucilage apjiears to be the same as that from linseinl, it is not so 
vith the organic portion. For the elucidation of this point further 
■esearch is noce^'sary. The aqueous alcoholic stiongly alkaline 
lolution is extracted by petroleum etber. Tlie nu'thod was chiefly, 
ised by Ilonig and H})itz. 

For the correct estimation of the unsaponifiable content in linseed 
>il, the! following method is ado])ted. Alx>ut 10 grammes of linseed 
»il, accurately weighed, are sa])onifit^d by 40 c.c. double normal 
Icoholic potash, the dried soap dissolved in 100 c.c. 50 per cent. 
Icohol, and tbe solution run quantitatively into a sey)arating funnel. 
)n cooling, it is shaken once with 100 c.c. petroleum ether, and 
DiV* times with 50 c.c. petroleum ether. The layers thus form very 
apidly, so that each^^xtraction only averages half an hour, and then the 
Icoholic^aqueous solution is run off. The dilferent ])etiolaum eftier 
xtracts are run into a second separating funnel, so as to remove any 
ntrained soap, by washing with 20 c.c. of 50 per cent, alcohol, with 
irhich it is treated for half an hour. The greater part of the petroleum 
ther is distilled off the residue with the addition of petroleum ether, 

I run into a porcelain basin, and dried as usual on the water- bath, 
lonig and Spitz have also given a rapid method, the results of 
;hich are technically accurate, as the petroleum ether only absorbs** 
minimum of soap. They use a special flask in the following proceejs 
ito which the top layer is run. The dried soap from about f\gramijie'& 
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of linseed oil is dissolved in 50 e.e. 50 per cent, alcohol, the solution 
run into a separating funnel, and treated twice with 20 o.c of 
petroleum ether from the same pipette. By appropriate sfiaking 
and standing ior i hour, the soap solution forms a l*yer underneath 
and IS drawn off by means of the same pipette. Twenty c o of the 
petroleum ether solution are drawn off and dried in the usual wav 
the result naturally is multiplied by 2/ 

Schustoff and Sehestakoff have shown that this method gives high 
results, as the unsaponifiahle contains acid soaps. They have given 
a veiy simple correction A drop of soda lye is added to the extract 
to alkaline reaction, and then extracted with petroleum ether Not 
knowing of this correction Niegemann used the original method for 
linseed oil and obtained high results. 

'Thoms and Pendler investigated the unsaponifiahle matter of 
linseed oil They have shown that extracted oil (oil extracted hv 
solvents) does not contain much more unsaponifiahle than oil ex- 
pressed from the same seed. They have also shown that In regard 
to linseed oil break prolonged agitation of the oil with the mucilaae 
ciid not increase the mucilage contents 


Unaaponifiable. 
Per cent. 


Linseed oil crushed from Archangel seed 
,, extracted ,, ,, 

„ crushed from La Plata seed 
„ extracted „ „ 

„ crushed . . . 

,, „ extracted from same seed 

i resh Archaugol 
11 It “broken”^ 

„ La Plata .... 

11 It “broken”! 

Tank foots a La Plata oil . 

The oil from these foots . 

Old tanked oil from Archangel seed 
The same oil treated with foots 
Fresh oil, Archangel seed . ’ 

The same oil treated with foots 
Linseed oil from La Plata seed . 

The same oil treated with foot.s 
Wnseed oil from Memcl seed 
Tfie sam^oil treated with foots 


1*99 

1-24 

0*98 

MO 

M4 

1-25 

1-08 

1*05 

0-99 

0- 95 
im 
1*01 

1- 09 
1-09 
1-08 
1-08 
0-98 

0- 97 

1 - 09 ^ 
1-09 


Iodine No. of 
Unsaponifiahle. 


83 -2 
90'6 
95*2 
86*6 
97-0 
9P2 
83 '4 
96-G 
88-1 
87-9 
95*2 
95-6 
97*03 
91*3 
92*3 
91*1 


The separation of the unsaponifiahle from the fatty acids is 
3ffected by treating them in the form of soap with ether or petroleum 
Jther. The solid soap or its alcoholic or aqueous solution can be 
ised. First of all the fatty acids are treated with an excess of diw 
ioda. To secure finer division they are mixed with sand. The 

> Heated over free flame until turbidity appears, then filtered. 

Thick greenish-brown fluid, 21-8 insoluble in ether. 

•3 parts oil, 1 part foots frequently stirred for six weeks and then filtered. 
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I solvent as a rule takes up soap, hence a fresh complication arises. t% 
; is th^efore necessary to extract the soap solution. 

1. A method for extracting the aqueous solution of the soap was 
described by Aflen and Thompson. Five grammes of\)il were heated 
in a porcelain basin with 25 c.c. double-normal alcoholic potash, the 
soap dissolved'in 50 c.c. boiling water, the solution'run into a separat- 
ing funnel and extracted in #ie cold three or four times with .30 fo 
50 c.c. ether. When no decided separation into two layers occurs on 
fimt shaking up with ether, enough alcohol is added to effect the 
separation. The different ether extracts are washed once with water 
and then the ether distilled off and the residue again saponified with 
10 c.c. of the above lye; the solution is run into a small separating 
funnel, and washed with water, and once more extracted, (1) first 
with 100, then (2) with 50 c.c. of ether. The different extracts -are 
washed three times with 10 c.c. water, and the residue dried in a 
water-bath until of constant weight. Methods, as will be seen, vary 
greatly,* The second saponification is, however, superfluous. The 
first unsaponifiable does not contain neutral fats still unsaponified, 
only free fatty acid as acid soa^), produced by the dissociation of thoi 
solution of the soap in ether, when washed with water. These aoid 
soaps may be removed in a simple way, vide supra. In any case tha 
ether-isolated linseed oil unsaponifiable readily dissolves in petroleunv 
ether, and the result is only a little higher than when extracted by 
petroleum ether. 

The following figures, obtained by the analysis of substances 6f 
known purity and of mixtures of known composition, by the late 
Mr. Allen in hi‘! Sheflield laboratory, show the accuracy of which 
the process is capable. The estimation was in each case on about 
5 grammes of the sample in the manner just described : 


1 

CkuTiiJositioii of Huhstauoes 'I’akfii, 

Fat Oil. 

j IlytircK-arboti Oil. 

l*er ('eiit. 

1 IVr tVnt. 

Olive, 40 • 

1 Shale oil, 60 

„ 80 

„ „ 20 

n 40 

Rosin, 60 

„ 80 

M 20 

Rape, 84 

Shale, 16 

Cotton seed, GO 

' Uosiii, 40 

Lard, 60 

1 Paraffin wax, 40 

M 20 

M M 80 

Linseed oil, 60 

Jiosin oil, 40 

Castor oil, 60 

^ „ 40 

Cod liver, 70 

! „ „ 30 

Cotton seed, 48 

Coal tar oil, 62 


(Iu.sapoinliaM« Matter. 


Founil. 
}*er (!eiit. 


58 08 
10-8T 
59-42 
1901 
15-95 
89-74 
89-54 
80-09 
89-32 
88*88 
80-80 
62-GO 


VOL. I. 


4 
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Allen found the following percentages of unsaponifiable matter in 
various oils : — 


Oil, • 

Per Ceut. 

Oil. 

•Per Cent. 

• 

.Olive 

1-14 

Sperm . 

* 41-49 

llape 

1-0 

Spemftoeti . 

49-68 

Castor 

0-71 

Japan wax .• 

1*14 

Cod liver . 

1*82 

Lard 

0-23 

Palm 

0-54 

Cocoa-butter . 

0-22 

Butter 

0*46 

— . . 



Fahrion has compiled the following table of the different results of 
different observers in the determination of the unsaponifiable matter 
in linseed oil : — 




(Jnsaponiii- 



Authority. 

Year. 

able. 

Per Cent. 

• 

Iodine No. 

Remarks. 

Thompson and Ballantyne 
R. Williams . 

1891 

109-1-28 



1895 

0-8 -1-3 



— 

0. Bach .... 

1898 

0-32-0-90 





Lewkowitsch . 

1898 

0-6 -1-1 

— 



Niegemann 

1904 

0-74-2-15 

59-2-91-2 

[Method 1 without 

J purification results 
[ 26 per cent too high 

Thoms and Fendler . 

1904 

0-97-1-25 

83-2-97-0 

Method 4 

Thompson and Dunlop . 

1906 

0-88-1-25 


Fahrion .... 

1907 

0-92 

83-5 

Method 2 

M • • • • 

„ 

0-97 

90-0 


„ . . . . 


0-97 

1 

82-G 

„ 4 


Fahrion believes, particularly in the separation of mineral oils 
from fatty oils, that not the alkaline but the neutral alcoholic 
solution should be extracted with petroleum ether, because using 
50 per cent, alcohol, no dissociation of the soap occurs. Such a 
supposition is in conflict with that of D. Holde, who holds that, 
with every new shaking with petroleum ether slight dissociation of 
the soap occurs, which is first prevented by the use of 80 per cefit. 
alcohol. Fahrion's modification gives high resufls. In commercial 
oleins the difference may be 1 per cent, and more. With linseed oil, 
however, it is very small, on one occasion only 0*05 per cent. 

During shaking with petroleum ether it is found that phytosterin 
dissolves with difficulty in that solvent. It is much more soluble 
in ether. A method first described by Bomer, and altered in certain 
points by Fendler, is described below : 10 grammes of oil are saponi- 
fled in a flask with reflux condenser, with 20 c.c. of a solution of 
200 grammes of caustic potash in a litre of alcohol of 70® F., the soap 
solution run into a separating funnel, and diluted with 40 c.c. water, 
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! «o that it will contain 20 per cent, alcohol. It ia (1) first extracted 
with then (2) with 50 c.c. of ether. The different ether extracts 
are washed with water. 

“The Detdimination of Unaaponifiabie Matter in^Oils, Fats, and 
Waxes” has been the object of some remarks by John M. Wilkie, 
B.Sc., '"F.I.C, “ This determination ia often troublesome owin^g ^ 
emulsification. By adopting*a definite concentration of alcohol and 
ether before extraction, T>e8t obtained by the use of n/2 alcoholic KOH 
for hydrolysis, the formation of emulsions may be entirely pre- 
vented, and the determination finished in 30 minutes after saponi- 
fication. The trouble experienced in the analysis of bees* and other 
waxes, lanoline, etc., may be entirely eliminated by using 0*5 gramme 
of wax and 4*5 gi'ammes of castor oil, extracting as usual, and making 
a correction for the unsaponifiable matter in the castor oil. * 

Phytosterin and Cholesterm . — Oils and fats contain in small 
quantity unsaponifiable principles, soluble in ether, very slightly 
soluble in cold alcohol and soluble in boiling alcohol. As the un- 
saponifiable principle which characterises vegetable oils, phytosterin, 
discovered by Hesse in oil of ^Calabar beans, differs very essentially 
from the unsaponifiable principle of animal oils, cholesterin, the two 
substances may be used in a comparative manner to detect, say, fish 
oil in linseed oil or, vice versa, cotton-seed oil in lard oil. Both have 
the same chemical composition, and are said to have the 

same constitution, but that is not as yet sufficiently clear. Choles- 
terin is chiefly found in* liver oils. To isolate these principles 
Salkowski saponifies 50 grammes of fat, dissolves the soap in 2 litres 
of water, and shakes up the soap solution repeatedly with ether. By 
evaporation the ethereal solution yields a crystalline residue which 
after being purified by cold alcohol is examined under the microscope. 

Cholesterin crystallises in thin rhombic plates, melts at 146® C. « 
294‘8® F. Phytosterin yields stellate crystals or a mass of long rigid 
needles. It melts at 132® C, (269'6 F.). The residue left by the eva- 
poration of the ether is then dissolved in a little chloroform and 20 
drops of acetic .anhydride and concentrated sulphuric acid are added. 
Cholesterin develops a cherry-red coloration, whilst phytosterin gives 
a bluish-red with a green fluorescence bloom. When cholesterin is 
mixed with its homologue phytosterin, it masks the reactions of .the 
latter an^ the melting-point is lowered to less than 146® C. (694*8® F.). 
Windaus gives the following particulars regarding cholesterol. It is 
an ^ unsaturated secondary alcohol. The hydroxyl is enclosed in a 
hydrogen ring between two methylen groups. The double bonds are 
enclosed in an end -placed vinyl group CH : CH^. The molecule 
finally contains an isopropyl group and four hydrogen rings. It is a 
complex terpene which closely resembles cholic acid. ^ 

Phytosterin is not regarded as a pure substance but as mixed with 
other as yet unknown b^ies. The mixture constitutes the unsapotfl- 
fiable. Glycerine is also unsaponifiable but is readily solubla in ws^er. 
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Lezithin is also a tri-glyceride, in which the fatty acids are parti- 
ally replaced by other acids. It yields on saponification, fatty ^cids^ 
glycerine phosphate, 03115 ( 0 H) 3 (P 04 H 2 ), and cholin, 

Schulze and Stiggfer found 0*8 per cent, lezithin in linseed, .and it 
appears that a considerable proportioncpasses into the oil during oil- 
crushing. H. Jaecke found in the latter 0'38»per cent, more than in 
any other vegetable oil. He believes it to be combined, in the seed, 
with an albuminous body, which substance, during oil-crushing, is 
partially decomposed. He estimates its amount readily from the 
P. content of ash. E. Schulze has shown how it is extracted from 
the oil and isolated therefrom. 

•Colour Test for Cholesterin . — If cholesterin be moistened by 
hydrochloric acid or sulphuric acid containing Fe^Clg it becomes of a 
magnificent violet colour. A mixture of two or three volumes of con- 
centrated hydrochloric or sulphuric acid and one of a dilute ‘solution 
of the perchloride will do for the test, or even the commercial hydro- 
chloric acid. A small particle of chcdesterin should be rubbed by a 
glass rod with a drop of the reagent and the mixture then gently 
warmed. It first becomes of a reddish colour which as the tempera- 
ture rises changes to a blue-violet colour ; strong heat destroys the 
colour. When sulphuric acid is used the mixture must be warmed 
more cautiously. It first becomes carmine-red, then violet, and at a 
high temperature is carbonised. Nitric aci4 and phosphoric acid with 
the perchloride will not give the reaction. 

Liebermann’s Cholesterol Reaction. — 0*001 to 0*003 gramme sub- 
stance are dissolved in 10 drops of acetic anhydride, and 1 to 2 drops 
of concentrated sulphuric acid added in the cold. The colour depends 
on the quantity of substance and the temperature. 

Phytosterin as greasy plates — red, violet, blue, green. 

Isocholesterin — red, yellow. 

Water . — Raw linseed oil may be perfectly clear and yet contain 
up to 0*3 per cent. American and Russian oil are richer in water 
than Indian. On heating oil containing water the water is removed 
as steam bubbles about 120 '’ to 130'’ C., which point many still call 
the ‘^boiling-point” of linseed oil. Linseed oil may be freed from 
conlfained jvater by filtration through fuller’s earth (see p. 46). In 
America the effect of hot pressing on the oil is regarded as n^jgligible, 
as is also the amount of moisture present in or added to the seeds ta 
facilitate pressing and to form coherent cakes. In many seasons no 
moisture whatever is added to the oil. 

The ash content of linseed oil is usually very small. Mulder 
found 0*03 per cent. Mucilaginous linseed oil contains more ash 
fihan mucilage-free oil. Thompson found in American raw oils up to 
per cent, ash, chiefly MgO, CaO, P 2 O 5 . In refined oil only 
tjaces. The American Committee on Testing Materials give the ash 
consent from 0*02 up to 0-16 per cent. 



CHAPTER IV. 


REFINING AND BLEACHINCJ LINSEED OIL. 

• 

Oil Refining. — The oil expressed from oil seeds, or extracted 
therefrom by solvents, is very impure ; and ow in^ to the presence 
of easily decomposable foreign substances, amongst which albumenoid 
substances predominate, and inter alia contain enzymes which start 
the dec§.y of the oil, paint, or varnish into which they enter, linseed 
oil should not be used in its raw unrefined pristine condition. Re it 
well understood that the raw jil is used in contradistinction to boiled 
oil and in no other sense. Raw oil should therefore be, refined. 

Mechanical Purification of Oil by Filters. — The first stage of 
the refining process is mechanical, the second, chemical. The oil is 
purified mechanically by conveying it as it comes from the presses 
into a reservoir, from whence a pump distributes it to the filter 
presses, in which the greater part of the impurities which it holds 
in suspension are separated. The dissolved impurities, including 
dissolved mucilage, pass through the filter, still in solution. 

Chemical Put ification — Refining. — Chemical purification consists 
in treating the oil, after it has been previously mechanically clarified, 
in a methodical manner with dehydrating agents such as concen- 
trated sulphuric acid and certain salts. 

By Acids : Thenard's Process of Charring the Mucilage without 
Charring the Oil. — By using a quantity of not too strong sulphuric 
acid (1 to li per cent, of 168'’ Tw. ; specific gravity J'B4), the acid 
■exerts its action on the foreign matters contained in the oil in pre- 
ference to the oil itself— it acts at first by absorbing moisture ; it then 
attacks the foreign matters and transforms them into a carbonaceous 
mass, which impaji'ts to the oil a brown coloration, which quickly 
deposit^ as a flocculent precipitate. When the acid has^cornpletely 
charred these substances, water is turned on to dilute the acid, so as 
to prevent it acting on the oil. After being energetically agitated 
with injection of air, and repeated washing with water heated by an 
open steam pipe, the oil is conveyed into large tanks and left to 
* settle. It only remains to separate the purified oil by decantation. 
According to Hartley, however, oil treated in this manner is itself 
frequently charred, or retains some impurity which, dissolving m 
the oil, imparts thereto a brown coloration, which is not removed*by 
the subsequent bleaching process to which the natural coloprfng 
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principles of the oil are amenable. This brown colour in his experi* 
ments sometimes separated as a flocculent precipitate, but only* after 
prolonged subsjdence. Success in this process, in fact^ depends upon 
adding just enough acid of the proper strength and no more as will 
be sufficient to char the mucilage without attacking the oil itself^ 
Fartley states that he succeeded w^l with acid of 30 per cent, 
strength (!), which, whilst charring the mucilage, did not attack the 
oil when left in contact with it. 

It must therefore be borne in mind that however expert a 
chemist may be, that fact alone does not constitute him an oil refiner, 
and, as a matter of fact, linseed oil ean be refined and bleached 
almost water- white by sulphuric acid alone by so-called ignorant 
workmen who have the advantage of being practical. 

This oil, i.e. oil refined by HjjSO^, is not, however, free from acid. 
Linseed oil containing even a small proportion of sulphuric acid when 
heated to the high temperature incidental to varnish-making would 
char. This, of course, would be obviated by the use in such a case 
of a basic drier, such as litharge or manganese, but then only if kept 
sufliciently long in contact with every particle of oil by agitation. 
Metallic salts decomposable by sulphuric acid, such as sugar of lead, 
would act similarly. A very practical method of rapid filtration on 
a small scale was given by Ure. The filter is composed of three 
parts, of which the filtering material, charcoal, waste, etc., occupies 
the middle. The oil, placed in an adjacent reservoir, communicates 
on one hand with the lower compartment, and on the other hand by 
a pipe leading from its bottom with a reservoir of water placed at 
a suflQcient elevation. The water displaces the oil, and causes it 
to pass through the filtering material, and to be transferred into the 
upper compartment. 

In these days of filter presses and working on the large scale, 
trivial filtering processes like the last two are rather out of date. ' 
Those who wish to filter linseed oil on the small scale cannot do 
better than adopt the method used in sugar refineries, where Taylor’s 
filter bags are employed — a wide bag enclosed in a narrow one act- 
ing as a compressing sheath. The apparatus may be enclosed in a 
lead-lined case. Other processes of purifying oils chemically have 
beei^ recommended, such as (1) a concentrated st^lution of chloride 
of zinc, as suggested by Wagner and recommended by hartley; 
(2) heating the oil with freshly calcined magnesia ; (3) coagulation 
of the albuminous matter by warm steam pipes ; (4) by the injection 
of air heated to 110° C. ; (5) addition of tannin extract or of salts 
of iron or alumina to precipitate albuminous matter; (6) partial 
saponification with a small quantity of caustic lye, so as to carry" 
^pwn the foreign matters with the resultant soap in much the same 
manner as beer is refined with isinglass, a process employed with 
si^cess in the purification of cotton-seed oil; (7) Hartley recom- 
mends a concentrated solution of sulphate of manganese. It would 
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l)e superfluous to dwell longer upon these different processes. This 
short tjnumeration will be sufficient. The purified oil is then stored 
in large reservoirs. ^ 

Cogans Method of Refining Linseed Oil, — Cogau’s process, al- 
though similar to Thenard’s in the first part of it, differs therefrom in 
the latter part by the judiciou| introduction of steam, by aid of which 
the oil is almost entirely freed fiom acid and the black mucilaginous 
dregs, subside in the course of twelve hours, leaving the upper por- 
tion of the oil quite clear and greatly improved in colour, and in those 
qualities for which it is esteemed by the painter. Cogan operated on 
* 100 gallons at a time, using for that amount 3 (juarts or 10 lb. of 
concentrated sulphuric acid. These 3 (juarts of acid ho diluted 
with an equal bulk of water, that is, with 3 quarts. The oil being 
run into a copper pan of the shape of a boiler, 2 quarts of the dilute 
acid are to be added ; the whole is then to be stirred up very carefully 
for an hpur or more with a wooden scoop till the acid is completely 
incorporated with the oil and the colour of the latter has become 
much deeper than at fii’st. A y?>econd similai* quantity of acid is to 
be added and mixed with the oil in the same way as the lii'st was, and 
then the remaining part of the acid is to be added. The stirring of 
the oil is continued altogether, at the end of which the colour of the 
mixture will be nearly that of tar. It is then to be allowed to stand 
quiet for a night and in the morning is to be transferred to the l)oiler. 
This is of copper, and has a steam pipe cmtering it at the bottom 
and then dividing into three or four branches, each of which termin- 
ates in a perforated plate. The steam thus thrown in ])asse8 in a 
very finely divided state into the oil, penetrates into eveiy part of it, 
and heats it to the temperature of boiling water. The steaming pro- 
cess is to be continued for 0 or 7 hours, at the end of which 
time it is to be transferred to a cooler of the form of an inverted cone, 
terminating in a short pipe commanded by a stop-cock and also hav- 
ing a stop-cock inserted in its side a few^ inches from the bottom. 
After remaining a night in the cooler, the oil is fit to bo withdrawn. 
For this purpose the cock at the bottom is opened and the black 
watery acid liquor flows out. As soon as the oil begins to come the 
c(5ck is closed and that in the side of the cooler is opened. From 
this the oil runs qflite clear and limpid, the whole of that whi^ is 
still turbid remaining below the upper cock. The purifidll oil being 
drawn off, that which is still turbid remains below the upper cock. 
The purified oil being drawn off, that which is turbid is let out into a 
’ reservoir, where it either remains to clarify by subsidence or is mixed 
with the next portion of raw oil ; 1 per cent, of linoleate of mangan- 
ese, dissolved in rectified coal tar naphtha, can now be added to the 
pil and the mixture of oil and liquid drier will form a clear soluticgi 
with the oil. Lead driers — lead rosinate, lead linoleate, etc. — should 
never be added to oil intended to be used as a vehicle and bindfjpg 
agent for zinc oxide and white zinc paints generally, more especially 
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with paints containing zinc sulphide, as it turns the paint grey from 
the formation of black lead sulphide. Again, all the virtue oft using 
a ^nc white pjgment and the care taken in refining^ the oil is to a 
large extent lost if a plumbiferous zinc oxide be used. 

Bleaching of Linseed Oil. — For high-class varnishes and high- 
ciass .paints and enamels it is necessary^to use a very pale oil. Even 
with an oil which only shows a very faint y^low tint the quality of 
the varnish into which it enters will be deteriorated. It is therefore 
necessary to bleach the oil. 

The Nature of the Colouring Principles of Oil. — The colouring 
principles of oils are derived from powerful colouring matters existing 
in the fruits and seeds from whence they have been extracted. They 
are Jderitical with the colouring matter present in the leaves of plants. 
They may be resolved into four principal substances of very similar 
chemical composition : Xanthophyll and chlorophyll, both yellow, 
another, but blue, chlorophyll, and finally erythrophyll, oj. a red 
colour. These substances are not necessarily found in all oils, but 
nevertheless they are always present iq linseed oil, and the variations 
in their relative proportions are the cause of the different colours 
which different samples of crude raw unrefined linseed oil exhibit. 
If erythrophyll and a mixture of the two chlorophylls predominate 
we get a brown oil ; if a greater proportion of chlorophyll be present 
the oil will have a greenish-brown tint ; finally, if xanthophyll pre- 
dominates a pale yellow oil is the result. These substances are de- 
colorised by sunlight, especially in contact with air ; oxidation also 
destroys them; they are also easily decolorised by dilute acids. 
Alkalies and certain metallic salts first precipitate the chlorophyll, 
then in the long run, if added in excess, the other two substances 
are likewise precipitated ; finally, they are rapidly decolorised b}' 
chlorine and hypochlorites. 

Five processes of bleaching oils are in use based upon the pre- 
ceding remarks : (1) By sunlight alone, or by sunlight and air acting 
together ; (2) by oxidising agents ; (3) by acids ; (4) by alkalies or 
metallic salts ; (5) by chlorine. 

1. Action of Light in Bleaching of Linseed Oil. — Be it well under- 
stood at the outset that the action of light as an accelerator of the 
^ryipg of linseed oil is not dealt with in this paragraph. In de- 
colorising ‘oil the best result is obtained by the prolonged ^kction of 
sunlight, and a superior article is said to be obtained to that yielded 
by the use of chemical reagents. This may be true of many chemi- 
cals, but not of oil refined by sulphuric acid. When linseed oil is . 
exposed in a very thin layer to the direct action of sunlight, it 
bleaches in two hours. Working with large quantities the process 
ip of course of longer duration, but by using large flasks of colourless 
glass, says Livache, and exposing the oil in these to direct sunlight, 
b^^aching proceeds very rapidly, and so that the oxygen of the air 
may»aid in*the operation the mouths of the flasks are simply plugged 
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'with cotton wool. When it is desired to treat larger quantities the 
oil is placed in flat lead-lined or zinc-lined boxes about 40 inches long 
•by 20 inches w^e and 6 to 10 inches deep, covered wi^i a glass plate, 
«,nd slightly inclined by raising one of the sides of the box about 
^ inch or so ; or the glass plate is made to overlap the sides of the 
box, so that no rain-water gaiys access to the contents of the boxe% 
which are generally pl^ed in the open air. Finally, two tubes lead 
into the box from the two opposite sides, so that the air on the sur- 
face of the oil is being constantly renewed. Linseed oil, it is said, 
can thus be bleached to a bright colourless oil in less than a fortnight. 
„ 2. By Oxidising Agents : f^a) Peroxide of hydrogen, which is now 

•easily obtainable in commerce, has also been recommended. The oil 
is shaken with 5 to 10 per cent, of peroxide of hydrogen of 10 per 
cent, strength. This process would a})j)ear to be only ada])table to 
small quantities. Expense would debar its use on tlie large scale, 
and, as ^ matter of fact, quite irrespective of exj)ense, both peroxides 
of hydrogen and sodium have no practical value as oil-bleachiug 
agents, however energetic the/^ ought to be theoretically in this re- 
spect, and it is only a waste of time, money, and patience to attempt 
to bleach oil in this way. 

(b) Ozone, — Attempts have been made to use ozone. It is made 
by causing a current of air to pass through a series of ordinary 
ozonising tubes, where it becomes richer and richer in ozone, being 
finally led to a receiver containing the oil to be oxidised. The oil is 
heated by a steam coil to about 40^ to 50“ (j., and the ozonised air is 
admitted to the bottom of the vessel, and is made to pass through 
the whole of the oil by means of a tube pierced with very small holes. 
Schrader and Dumcke found that ozone only acts upon the oil for a 
comparatively short time — it in fact stops very quickly, ilut if the 
oil thus treated be placed in white glass flasks in flat boxes, in con- 
tact with air and preferably in the sun, the action continues of its 
own accord, bleaching and tliickening the oil in a very short time, 
and causing it to dry much more rapidly. 

(c) By Permanganate or Bichromate of Potash. — The p(3rman- 
ganate, or, better still, the bichromate of potash, in conjunction with 
sulphuric acid, have long been used as bleaching agents. The pro- 
cess is conducted ift lead-lined wooden tanks. For every 100 1^. of 
oil abou4 ^ lb. of bichromate of potash is mixed with iTlb. of sul- 
phuric acid, previously diluted with | gallon of water. This mixture 
is run into the oil in a thin stream, with constant stirring, kept up 
for an hour, the oil, if need be, being heated all the time by a steam* 
*coil. The liquids are allowed to separate, the lower layer drawn off, 
and the oil repeatedly washed with hot water. This process is 
tedious, owing to the diflTiculty of eliminating even by acid the gree^ 
hydrated oxide of chromium which dissolves in the oil. The same 
remark applies to bleaching with manganese compounds, where *a 
similar hitch occurs. There is a great loss of oil in both •proceases, 
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altogether incompatible with the extent, if any, to which the oil may" 
be bleached. However, in both cases the oil may increase in drying 
properties owiijg to the action of the nascent oxygen ^^veloped in the- 
processes in question. By Linoleate of Manganese, — Blenkinsop 
and Hartley proposed to bleach linseed oil, or rather to produce a 
y boiled " oil paler than “ raw ” oil,’ by ^xide of manganese introduced 
in the state of linoleate of manganese dissolved in coal-tar naphtha. 
The process involves the use of heat. The oxygen used up in oxidis- 
ing the oil and bleaching the colouring matters is restored to the man* 
ganese by a current of air as fast as it is deprived of it. But this 
process was well known both in Britain and America long before the 
date of this patent. 

Acids: (^a) By Nitric Acid, etc, — Lawson has suggested 
dilute nitric acid. The process should be most carefully watched, so- 
as to prevent any elevation of temperature. In England, according 
to Livache, use is made of a mixture of nitric acid and chlorate of 
potash in the proportion of 1 to 2 per cent, of the oil to be decolorised ; 
heat is applied, and the oil is then , repeatedly washed with water. 
This process, he says, has been successfully employed with cotton- 
seed oil, but as a matter of fact the caustic soda method for refining 
cotton-seed oil and the sulphuric acid method for refining linseed 
reign supreme in Britain, and this is in accordance with the fact that' 
it is principally coloured nmcilaginous impurities which have to be got 
rid of in refining linseed oil, whilst it is coloured resinous impurities- 
which are present in crude cotton-seed oil. 

(b) Sulphuric Acid, see p. 53 . 

4. By Alkalies and Metallic Salts : (a) By Caustic -Soda.— Cer- 
tain oils, containing resinous colouring principles, particularly cotton- 
seed oil, may be completely decolorised by agitation with a small 
quantity of caustic potash or soda (1 per cent.). Combination with 
the colouring principles ensues, and as a result these are precipitated 
as cotton-seed oil foots, from which the purified oil may be easily run 
off through a syphon or otherwise. It is not applicable to linseed oil 
—at least to the same extent, (h) By Carbonate of Potash.~5 lb. 
of the carbonate dissolved in 10 gallons of water are added to 100 lb. 
of oil, and the mixture stirred to thorough incorporation ; 24 galldna 
of a* 2 per-cent, solution of chloride of calcium ai^e then added. The 
oil bleaches rapidly, and it is then decanted and treated wit?h a 5 per 
cent, solution of sulphuric acid, and afterwards washed until perfectly 
neutral. But this would be far too laborious and expensive a process 
for adoption on the large scale, and like others has nothing to recom- 
mend it over the sulphuric acid process, (c) By Ferrous Sulphate .*> 
Artists' Oil. — Amongst the salts proposed, ferrous sulphate (green 
r/itriol) is capable of giving good results, with small quantities of oil. 
Process. One part of green vitriol is dissolved in I 4 parts of water, 
^d this mixture is added to double its volume of linseed oil contained 
in a glass ‘flask. The whole is then exposed to sunlight, and shaken , 
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:%t least once a day. The oil is generally bleached in from three tn 
six weeks, according to the amount of sunshine. When the oil is de^ 
canted the gree^ vitriol solution can be used over agaii^ for treating a 
fresh quantity of oil. This process is much in vogue with artists^ 
colourmen (the bleached oil being sold as artists,* oil), but is too 
tedious, laborious and costly fey adoption on the large scale, (d). Bys 
Basic Acetate of Leadrk solution of basic acetate of lead when 
agitated with oil eliminates its colouring principles very effectually, 
(e) By Lead Sulphate. — This process also gives good results. It is 
mixed with oil to the consistency of cream, and exposed, with fre* 
quent agitation. After a timb the oil is bleached. Two layeVs are 
found at the bottom of the flask, one consisting of lead sulphate, the 
other of colouring matter. The lead sulphate may be used opr 



Fig. 37. — Apparatus for bloachiug linseed oil by a current of air which has been 
passed over chloride of lime. 

again. The rationale of the process is obscure. It may be looked 
upon as similat to the clarification of beer by isinglass. (/) By Com- 
plex Mixtures. — More or less complex mixtures of different metallic 
salts are also used. The following give good results : To 10 gallons 
of linseed oil are added gallons of water, containing \ lb. of blyck 
oxide of manganese, J lb. of bichromate, ^ lb. of carbonate of soda, and 
\ ib. of common salt. The boiling solution is added to the oil ; it is 
left to clarify, and the colourless oil decanted. 

5. By Chlorine. — Substances from which chlorine can be gene- 
rated without the aid of heat are added to the oil. For instance, 

5 lb. of concentrated hydrochloric acid, 33 per cent., diluted with four 
times its weight of water, are added to 10 gallons of oil. The wholes . 
is well stirred, whilst a solution of 1 lb. of bichromate in 1 gallon of 
water is added. A mixture of red lead and hydrochloric acid may : 
also be used. To 10 gallons of oil i lb. of red lead beaten! up with 
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^ lb. of oil is added, and the whole well stirred, whilst | lb. of hydro- 
chloric acid is added. During the next five days an additioi^l ^ lb. 
of hydrochlorjp acid is added daily, the whole being well stirred 
several times during the 24 hours. The decanted oil is run into 
large bottles, or placed in boxes lined with lead, and exposed to sun- 
»light until the oil is perfectly colourles^. 

The most rapid method of bleaching oils, it has been asserted, is 
by means of chemical reagents, especially chlorine, but it must not 
be forgotten that it is difficult to free the oil from all trace of these 
reagents, which in the end may exert a vexatious and injurious in- 
fluence upon the final products manufactured from an oil bleached 
in this way. As a matter of fact, chlorine does not bleach linseed 
oil, it darkens it ; and the chlorine test for fish oil is, in virtue of this 
darkening, a delusion and a snare. Certain bleaching agents, like 
chlorine and nitrous acid, are apt to form substitution compounds 
which alter altogether the nature of the oil, and not for the better. ' 
Had one space at his disposal, and a sufficient supply of refined oil 
to meet his wants in the meantime,^says Livache, the bleaching of 
oil by means of sunlight in flat boxes covered with glass plates can- 
not be too highly recommended. The slowness of the process would, 
he says, be largely compensated by the beauty and quality of the 
products manufactured from such an oil. 

However that may be, an equally good product can be obtained 
by bleaching with sulphuric acid in fewer hours than it takes wjseks 
by sunlight. In fact, bleaching by sunlight could only be recom- 
mended by those who have never seen linseed oil efficiently refined 
by sulphuric acid, which is the most effectual, the most expeditious 
and the most economical process, requiring no costly plant, no costly 
chemicals, only about 1 lb. of oil of vitriol per 10 gallons of oil. A 
steam pipe heated by exhaust steam mixes the acid and oil together, 
and does all the agitation necessary for washing the acid out of the 
oil, all the operations being done in the one tank if need be. No 
process could be cheaper, no process could be more simple, but it 
requires care and experience, as it is quite easy for ultra-cocksure 
graduates in chemistiy with the highest honours, to their own sorrow 
and the disgust of their employers, to irretreivably spoil 5 to 10 tons 
of lOil which being permanently darkened can then only be used for 
very low grade boiled oil. 

Mulder previously filtered the oil through animal charcoal. Some 
expose the oil to sunlight in contact with animal charcoal for a week 
and do not filter the oil until 'then. But neither glass flasks nor even 
lead-lined boxes, nor, in fact, sun-bleaching, whether aided by animal 
charcoal, etc., or not, in any way coincide with the practical notions 
of the present day. Sun-bleaching of oils is only to be found in 
books, and is so long obsolete that any who attempted it on the large 
^cale would now'adays be legitimately regarded as crazy. Un- 
aonbtedly, oil can be bleached almost water-white by the sun when 



ANP BLEACHING LINSEED OIL. * 61 

either sunlight or daylight can get at it in every direction, but the 
interei^ on capital more than swallows up the profit, and the market 
for sucn an article is necessarily confined to artists, who often pre- 
pare their own fills. • 

ChevreuVs Method of Bleaching Linseed O/Z.—The following ex- 
periment by Chevreul is of great interest. Acting on the principle 
that linseed oil dries in cofisequence of atmospheric oxidation,* 
Chevreul tried to find whether previous exposure to air conferred 
greater drying properties on linseed oil. He submitted linseed oil 
alone or mixed with turps to the action of air and light for 60 
days. By comparison with untreated linseed oil he found that the. 
drying capacity under these conditions was very great, as great in 
fact as manganese boiled oil, with the additional benefit that the oil 
was bleached; and as far back as 1851 ho recommended the use* of 
oil exposed to light for pale colours, and especially white zinc, which 
then gives its maximum of whiteness. 

Refining Linseed Oil hy Reducing Agents, Gaseous or in Solution 
— Refining hy Hydrosulphitcs. — A process for refining linseed oil by 
hydrosulphites has been patented by A. Metz and Philip L. Clarkson. 
200 gallons of raw oil are mixed with 600 gallons of cold water con- 
taining 200 lb. of hydrosulphite. The whole is agitated for 32 hours 
in a closed vessel, the oily layer is separated by decantation and the 
oil in the emulsion is recovered by petroleum ether. 

Refining Linseed Oil by Lime. — Lime has been used to purify 
linseed oil, but Niegemann criticises its use for linseed oil owing to 
its forming soluble linoleates which darken the oil when heated. He 
prefers fuller's earth. 

Bleaching Linseed Oil hy Fuller s Barth. — Fuller’s earth was, at 
one time, a purely Fnglish product, a sort of clay mined in dilforent 
counties in the South of Fngland. Within the last two decades it 
has been found in America, more especially Florida, and marketed 
under the high-sounding title of “Aluminium magnesium hydrosili- 
cate’’. The Germans call it “Florida erde,” but in Great Britain it 
still retains it§ name of fuller’s earth, a nanu! given to it centuries 
ago by the fullers of cloth owing to the facility with which it removes 
grease from fabrics. In bleaching linseed oil by fuller s earth, the 
process consists irw agitating the oil with the required amount of 
fuller’s earth, and then filtering the mixture. The agitation ma^ he 
effected Either by air or by a vertical shaft, fitted with horizontal 
arms or blades, or vice versa, a horizontal shaft fitted with vertical 
blades. To eliminate the colouring principle completely, it is neces- 
sary to secure the most intimate mixture of the oil and the fuller s 
earth. The linseed oil is run into the bleaching pan and fuller's 
earth added. The proportion of fuller’s earth to oil varies greatly 
with the nature of the oil, its origin, and its depth of colour, and witA 
the bleaching qualities of the oil, and to a very great extent, indeed, 
with the experience and skill of the bleacher. After the agitator^hfts 
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been pat in motion, and a weighed quantity of fuller's earth added, 
‘Samples of the oil at different stages of bleaching are takejj^ from 
time to time and filtered into an 8 oz. bottle. More fuller’s earth is 
tbdded, until the oil has become sufficiently pale, wheh the mixture of 
oil and fuller's earth is filtered; the first runnings from the filter 
^ress return to the bleaching pan, until the oil comes away pale 
:and‘ clear. The proportion of fuller’s darth runs from 2 to 5 per cent, 
of the weight of the oil. In the case of edible oils, as little fuller’s 
•earth as will ;be sufficient to bleach the oil should be used, as con- 
tact of the oil with the earth spoils the flavour, but this flavour may 
be neutralised by adding 1 to 2 per cent of soda-ash before filtration. 

‘ Filter Press Cake . — The residual cake left in the filter press con- 
sists of fuller’s earth plus organic matter (mucilage, etc.), together 
with more or less oil, left in the cake. By steaming out the press 
the amount of this residual oil may be lowered to a minimum 
•quantity. The oil, thus separated by steam, is disposed of according 
to its quality and amount. The residual oil still left in the sludge- 
•cake, after steaming, if it eventually becomes considerable is not re- 
covered as the expense would be too great. The press sludge is 
worthless. 

Bleaching of Linseed Oil and of Drying Oils with Fuller's Earth — 
Removal of Mucilage . — Crude raw linseed oil is passed through a 
thick layer of fuller’s earth or the earth mixed with the oil and passed 
through a filter press. It does not seem quite certain that all mucilage 
is removed from the oil by this treatment. 

Elimination of Water . — Water is removed from linseed oil by 
treatment with fuller’s earth in the cold. Weger collected the mucil- 
age from a large quantity of oil, and tried to free the oil-charged 
mucilage from oil, by drying it on porous earthenware plates, but the 
attempt was not quite a success ; it formed a yellow, gelatinous, trans- 
parent mass, which still dried very well on glass plates, in 3^ to ^ 
days, with an oxygen absorption of 12*8 to 14. The removal of 
mucilage Weger contends is not so important, but linseed oil is seldom 
used for varnish-making without being treated with sulphuric acid or 
fuller’s earth or calcined magnesia. 

Behaviour of Bleached Crude Raw Oil on Oxidation . — Meisjier 
found that the oxygen absorption of a linseed oil rose from 19*5 per 
cen^. for the untreated raw oil, to 20*7 for the oil bleached with fuller’s 
earth. 

Treating Wood Oil by Fuller $ Earths — A good stand oil, from 
wood oil, is obtained by heating the wood oil from 3 to 4 hours and 
bleaching the oil obtained with 5 to 10 per cent, of fuller’s earth. 

Removing the Green Coloration of Hemp-seed Oil by Fuller s 
Earth — Bleaching Perilla Oil Water-white . — The green colour of ■ 
bemp-seed oil is removed by fuller’s earth, and Perilla oil is bleached 
water-white. 

' FvXler\s Earth, its Value for Oil Bleaching Purposes . — Neither 
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^he organoleptic properties of fuller’s earth, nor its chemical analysis, 
fix its value for oil bleaching. A practical test can alone do so. 
When* dry, fuller’s earth sticks to the tongue, but other clays 
do so too. Uniike clay, it is not plastic; its combiiJbd water con- 
tent is high. Its alumina content seldom exceeds 15 per cent. Its 
colour varies, naturally, from blown and grey to da’rk blue. Its dis- 
tinguishing properties are fine ferain, non-plasticity, and when broken 
up and thrown into watef it forms a more or less flocculent mass. Its 
value depends on its absorbing and decolorising power. The mineral, 
.after quarrying, is spread in thin layers on drying flooi-s, or it is 
heated by fires in cylindrical jlriers. It is well ground before going 
through the driers. In drying it becomes white, and parts with up- 
wards of 60 per cent, of moisture. When dry it is sifted into 
various degrees of fineness (100 to 120 mesh) and then bagged up for 
despatch. 

Testhuf Fuller s Earth. — Fuller’s earth is employed in America 
for clarifying and bleaching edible oils, and, as the earth from different 
localities varies very considerably in its efficiency, a ready method of 
testing its value is of great importance. T. G. Richert in “ The Journal 
of Industrial and Engineering Chemistry” describes a series of tests 
which were applied for this purpose to four varieties of fuller’s earth. 
(1) Locality unknown ; (2) American ; (3) English ; (4) German. A 
good fuller’s earth should remove all suspended matter, as much 
•colouring matter as possible, and absorb a minimum of oil, at the 
same time the earthy taste which is imparted to the oil should be 
easily removable by deodorisation. The tests chosen were those of 
decolorisation and the amount of oil absorbed, the price of the earth 
being also taken into account. It is to be observed, however, that 
absolute values for the results of the tests cannot be fixed, the earths 
must be compared one with another with the same sample of oil, and 
the conditions of the experiments must be identical. In the bleach- 
ing tests eight experiments in each case were tried, with quantities 
•of fuller’s earth varying from 1 to 8 per cent., the colours of the 
bleached oil being determined by means of the tintometer. The 
•German sample gave the best result with 3 per cent, of fuller’s earth, 
an equally good result being obtained with 4 per cent, of the English 
sample. The amount of oil absorbed by a given weight of the earth 
was determined, an^ from this it was possible to calculate the j^re- 
sgmptive* loss, which amounted to (1) 8*3; (2) 40*8; (3) 8*0; and 
x4) 19*0 per cent. The cost of bleaching 100 lb. of the raw oil can 
therefore be shown by an equation, which the author gives in a 
•simplified form as : — 

X (loop + AO) 

. • y ^ cents. 


A being the presumptive loss, P and O the price in dollars for lOP 
Ib. of earth and oil respectively, and X the percentage of earth 

• m 
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required. It is satisfactory to note that the cost' of bleaching with 
the English earth was the lowest, that is, 4’01 cents, the Germaq being' 
6'24 cents, and the American 15*50 cents. 

• • 



* The steam-jacketed pans in use at the present day for refining- 
linreed oil by aid of fuller’s earth consist of cylindrical steel vessels 
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with contracted neck at the top. The bottoms are made double so as 
to proydO a steam jacket for heating, and the pan is also fitted with 
patent Vortex disc agitating gear which effects a very nowerful rapid 
and intimate commingling of the fullers earth with tlio oil. The 
pan is filled to the lower part of the neck with the oil to be ti-eatml 
previously heated to a temperature of IfiO*" to 180‘" F. The right, 
temperature is important. The Vortex mixer is kept in motion whilst 
the temperature of the oil is being adjusted, and as soon as it arrives 
at 150° F. the fuller’s earth is added, great care being taken that the 
right proportion is used. It should be ground to a very fine powder 
and be perfectly dry and fr(*e from moisture — a most important 
point. Three to five per cent, is the amount generally used, but the 



Pia. 39. — Steam pump for working in connection with hydraulic filters. 


quantity depends on the depth of colour of the oil, i.(‘. on the amount 
of colour to be removed. This the oil refiner can tt‘Ht by experiment 
by heating a small q^iantity and filtering it through filt(U' paper ir^a 
binned heated copper funnel before starting. As the oil deteriorates 
in taste an^ flavour by too prolonged contact w’ith the fuller’s earth it 
IS very important to remove the latter as soon as possible. Hence to 
Sleep up a constant supply of oil to keep the filter at work it is better 
O work the pans on the twin system ; whilst one pan is feeding the 
>il filters the other is being prepared and treated with fuller’s earth. 
When the right proportion of fuller’s earth is thoroughly commingled , 
vith the oil, the whole of the contents of the bleaching and mixing 
mn. are pumped by a steam engine into the filter press. Pans of too 
;reat capacity are objectionable as the fuller’s earth remains ^oo loijg* 



Fio, 40.— Special oil filter press, with 50 filtering chambers. 
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in. mixture with the oil and imparts an earthy taste by the time the 
filter is filled with cake. The filter is so proportioned to the work to 
be done as to have a cake formed that will not be quite hollow. 
Steam is admitted into the centre feed channel of \he press and 
finds its way into each of the hollow cakes. All the cocks are shut 
off except the six farthest away from the head, ^he steam passes 
through the centre of the prdls and first steams out the six cakes 
next the follower. Whdn the steam has blown through these cakes 
«o as to free them thoroughly from oil, the outlet cocks are shut 
off and the next six opened, and so on until all are steamed. When 
the press is opened to remove ^he fuller’s earth it falls out in powder 
on the floor, little or no oil being left in it. Hence the steam should 
be dry steam ; when viscid oils are being filtered such as linseed oil 
or castor oil, the filtration room should be wanned so that the whble 
mass of metal in the filter may he heated to the Uunjuu-ature at which 
it works best. With linseed oil this should not he below UO F. 
With castor oil it should be still higher. Filters ar(‘ also made with 
•each of the plates steam -jacketed so that the contents of tin' oil filter 
may be maintained at any temperature required. These aie used for 
treating solid fats, wax, paraffin, and vaseline. 

A fuller’s earth refining plant comprisiis one patent steam- 
jacketed Vortex mixing pan with self-contained (Migine, centrifugal 
mixing vane, trunk or circulating pipe, scroll deflecting ])lates, pipe 
work connecting engine exhaust to heating jack(‘t, jirovided with 
thermometer, sampling cock, and charging ho])])er. One patent new 
model fuller’s earth l elining filter press, pyramid type, having arrange- 
ments for steaming out the cakes, provided with outlet cocks on each 
of the chambers and outlet shoot. Fitted with steam pump mounted 
on the head of the machine. The pipe work valves and fittings 
between mixing pan and feed pump on head of filter. One set of 
hydraulic chain and one set of chain filter cloths. 

Refining Linseed Oil by W'^ood Charcoal. — Weger removed mucil- 
age from linseed oil by treating the oil with wood charcoal. 

Methods of Storing Raxv Linseed Oil. — Oalvanised iron reservoirs 
are to be preferred for storing linseed oil. Their base should be very 
wide in proportion to their height ; they are genenilly covered by a 
badly -fitting lid, so ^hat the air may be constantly renewed on 
surface of the oil, but it is preferable to use a tight-fitting lif^ so as to 
exclude dust. In this case a current of air is set up by two tubes 
placed on opposite sides of the reservoir, thus starting oxidation, and 
thereby increasing the drying properties of the oil. It is also of 
importance to maintain the oil at a constant temperature, about 15® 
to 20® C. 

Raw Linseed Oil Foots. — It is advisable to draw off the “ foots " ^ 
two or three times a year. It is an undeniable fact that oil kept for 
a certain time gives a better coating on drying, to that yielded by an 
oil fresh from the press. Speaking generally, linseed oil should i^t 
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be used until after it has been “ aged for a year or two. Such oil 
is known as old tanked oil, and gives better results in varnish- ipaaking 
than can be obtained by any mere rapid process of bleaching freshly 
pressed mucilaginous raw oil. 

"When a varnish-maker buys clear and bright “ old tanked pure 
^aw.linseed oil, which, owing to prolonged storage, neither “breaks" 
nor “ spawns ” on heating, and so buys according to sample, which 
responds to the test for old tanked pure raw linseed oil, he is entitled 
to claim that the bulk delivered shall correspond with such sample in 
every way. For “breaking” or “spawning” is characteristic of 
recently crushed raw linseed oil, abounding in dissolved mucilage* 



CHAPTER V. 


CHEMICAL REACTIONS OF LINSEED OIL. 

• 

The Spectroscopic Examination of Linseed Oil, — Muller found 
that many oils show chlorophyll absorption bands when examined 
under the spectroscope. Animal oils do not do so. These absorption 
bands can therefore be utilised to detect a vegetable oil in an animal 
* oil when the vegetable oil gives the spectrum of chlorophyll which, 
as Muller points out, occurs with linseed oil and also with olive oil. 
There are, in fact, three absorption bands; one very deep in the rod, 
a feehle one in the orange, and a stronger one in the green. Sesame 
oil shows only a feeble band in the red, and castor oil shows no band 
at all. Donraer classilies oils according to their behaviour under the 
spectroscope when observed under a thickness of 12 millimetres ; — 

' Hemp-seed. 

Olive. 

Oils exhibiting the spectrum of chlorophyll Walnut (spectrum 

slightly visible but 
very decided blue and 
violet bands). 

I Almond oil (sweet and 

Oils exhibiting no spectrum . . \ bitter). 

{ Castor oil. 

Oils absorbing all chemical radiations, the ( Colza-seed, 
spectrum, instead of extending to the J Linseed, 
blue, the indigo, and the violet, stops | Mustard-seed, 
short suddenly at full green . . I Rape-.seed. 

r Earth-nut. 

Oifs exhibiting thre^ bands in the chemical j Colza-seed, 
part, absence of green, orange, red bands < Cotton-seed. « 
characteristic of chlorophyll . ■ j l*oppy-seed. 

V Sesame. 

Action of Halogens on Linseed Oil : Action of Chlorine and 
Bromine on Linseed Oil. — Lefort passed chlorine and bromine 
vapour into flasks containing layers of water and linseed oil, and 
found hydrochloric and hydrobroraic in the state of solid compounds.^^ 
Mulder led chlorine gas into water-free, but unheated, linseed oil 
And found that much hydrochloric acid remained in combination. 
The linseed oil was at first dark coloured (the dark coloration 

169 ) 
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given by chlorine with fish oil is valueless), then it became pAl» 
and at the same time solid. This solid body is scarcely soKlble in 
Water, readilyisoluble in ether and in potash lye. JIulder believed 
that a portion of the glycerine was split off by the chlorine. But the 
first action of chlorine on oils is to form addition compounds, and in 
•the second place substitution compounds. Moreover, in the addition 
process, as it usually takes place, it stops short before the end of the 
reaction, although under suitable circumstances all the double bonds- 
are satisfied by iodine chloride, and on that fact is based the well- 
known method of determining the iodine number. 

Chlorine is used as a test for the^presence of fish oil in linseed 
oil ; this is supposed to darken in the presence of fish oil, but pure 
linseed oil darkens too, so the test is indecisive if not unreliable (see 
under fish oil as an adulterant of linseed oil, p. 174). 

Action of Sulphurous Acid on Linseed Oil. — By treating linseed , 
oil with sulphurous acid, Sacc caused the separation of white flakes, 
which he described as gypsum (!) Mulder investigated the point by 
first treating linseed oil with sulphuimis acid and then burning it. 
He found about 0’03 per cent, of ash and contradicted Sacc's assertion 
that linseed oil usually contains a large amount of lime. Moreover, 
Mulder, by treating linseed oil with sulphurous acid, obtained a 
white precipitate, insoluble in water, soluble in alcohol and ether. 
Further, Mulder found sulphurous acid to exert a reducing action oa 
linseed oil which then appears to contain much sulphuric acid. 

Action of Ammonia on Linseed Oil. — Kowney treated drying and 
non-drying oils with alcoholic ammonia with frequent shaking for a 
long time. With linseed oil he obtained a highly coloured resinous 
substance, and a little of a white solid crystalline body. With olive 
oil the behaviour was different. Kowney and Mulder described the 
white body as an amide, behaving like a soap. The red resinous 
substance Mulder identified as red linoxic acid. It has since been 
found that the linoleic acid of linseed oil contains higher unsaturated 
fatty acids than oleic. 

Heat of Comhistion of Linseed Oil. — The heat of combustion 
increases, generally, with the molecular weight and differs in that 
respect but little as regards fats and oils. Sherman and Snell found 
the heat of combustion of fresh linseed oil at cohstant volume to be 
9364, at constant pressure, 9379 calories. It lowers on oxi(?ation. 

Action of Sulphuric Acid on Linseed Oil. — Chevreul pointed out 
that oils and fats when treated with concentrated sulphuric acid 
liberated glycerine. Sacc treated linseed oil with concentrated 
H 2 SO 4 . Sulphurous and formic acids were disengaged. The linseed 
oil was coloured purple red, then violet, then black. The product 
t washed with water was amorphous and appeared in the form of long^ • 
strings. It was soluble in alcohol ; with alkalies it gave a yellow 
yesinous soap. Mulder did not use H^SO^ in excess, it gave off no- 
gas, and the reaction product in water eventually became colourless^ 
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It was more readily saponifiable than linseed oil itself. Mulder 
believed that there was only free oleic acid and no free linoleio acid 
which was held fast locked up by the glycerine. An accurate 
examination of Ihe reaction between linseed oil and sulphuric acid has 
not yet been made, but the heat of the reaction forms a valuable tust, 
being far greater with linseed^oil than with any other oil. Mauipen^ 
was the first to utilise the different temperatures to dilTerentiate 
between different oils, and Jean produced his thermaooleniater for 
use in applying the test. Lately Tortelli has brought out an im- 
proved apparatus. The test is readily tipplied, but its application 
requires care. The Mauinen^ nuinbei' or thermo number of linseed 
oil varies between 90° C. and 14,5" C. Moreover, the Maumen6 
number gives parallel results with the iodine absorption results. 

Action of Nitrous Acid HNO.^ on Linseed Oil— In the year 1819 
Poutet treated oils with nitrous acid and claimed as the rt‘sult of the 
reaction ^to be able to differentiate between drying and non-drying 
oils, as the former remaincKl lluid whilst the latter solidified in a longer 
or shorter time. The basis ofgibhis solidilication is the conversion of 
the oleic acid of m.p. 14° C. (r)7-2° F) into its isomer elaidic acid. It is 
said by some to be unreliable. Put that statement comes from those 
who have never applied the test in actual ))ractice in the buying 
and selling of olive oil. Lidolf treated linseed oil with nitrous acid 
HNO 2 and found it to remain fluid but completely changed. Us 
specific gravity rose from 0*932 to 0*971, and the oil after washing 
contained combined nitrogen. Possibly the nitrous acid fixed itself 
directly on the double bond. 

Action of Nitric Acid o}i Linseed 0/7.~-Linsecd oil treated with 
nitric acid behaves differently to oleic acid (Bromeis). The product 
is a tacky, deep red mass containing pimelic acid, (J^lIj^O^, suberic 
acid, CgHj 404 , oxalic acid, and an acid which Bromeis after- 

wards termed margaric acid. Sacc confirmed the above results. 
Mulder did not repeat the experiment. He termed the red product 
linoxic acid. However, he treated linseed oil, at th(‘. ordinary tempera- 
ture with a small quantity of strong nitric acid, but was unable to 
confirm Jonas' statement that the oil, so treated, dried more rapidly. 
Ac£!ording to Livache, thick boiled linseed oil, treated with dilute 
nitric acid, gives a brown elastic substance, which no longer sticks to 
the finggrs. A. Lidolf passed nitric-anhydride into ait ethereal 
solution of linseed oil. He found simultaneous nitration and oxidation, 
and a thick yellow oil was formed, insoluble in water, and combustible 
without explosion, which absorbs no more iodine. In ethereal solu- 
tion it is reduced by stannous chloride, H^S, or aluminum amalgam 
to a product varying from syrupy to a solid mass, which is no longer 
soluble and which Lidolf regarded as lying between fat and albumen. 

Heat of Bromination of Linseed Oil. — Chloroform gives a slightly 
aigher rise than carbon tetrachloride, as would be expected; this 
was found to be 1’7° with the apparatus here described. • Arch^uft 
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and Jenkins find that the presence of water, either in the bromine or 4 
the oil, is apparently of no influence. a 

The results obtained vary with each calorimeter ; hence, to make 
them comparable, they must, as in the Maumen^ test, be referred to 
some standard. Such a standard has been found in sublimed 
^camphor, which can be prepared in sufficient purity ; 7/^ gramines 
are dissolved in carbon tetrachloride and brominated, giving 
an average rise of 4*2°. The rises in temperature obtained with 
the various oils were divided by this number, giving a specific 
temperature reaction ; if this be multiplied by a factor— found by 
dividing several of the iodine numbers*by this specific temperature 
the iodine value of any sample may be quite closely determined ; this 
is shown in the following table, the factor being 17‘18 : 


TABLE SHOWING THE RELATION OF THE BROMINATION AND 
IODINE VALUES. 



c. 

Iodine. 

Name of Oil. 

Specific Temperature 




Reaction. 

Calculated. 

Found. 

Neatsfoot . 

3-28G 

5G5 

69-1 

Tallow 

8-348 

67-4 

67-2 

Prime lard . 

8-715 

G3-8 

C3 8 

Sperm 

4-191 

72-1 

78-2 

No. 1 lard . 

4-090 

70-3 

73-9 

Olive . . 

4-7(>2 

81-8 

82 0 

Cotton- seed. 

5-607 

97-8 

103-0 

Cora .... 

6 -381 

109-5 

107-8 

Cod . 

8-002 

187-4 

186-0 

Linseed 

9-049 

155-6 

160-0 

26® paraffin 

1-G43 

28-2 

10-1 

300® lantern 

1-190 

20-5 

0-0 


In the case of the hydrocarbon oils the discrepancy may be due to 
the fact that there is substitution by the bromine and none with the 

iodine. • • n 

Catalytic Action of Metallic Magnesium on Linseed Oil in Pre- 
sence of Hydrogen.-Mm^Ql k Co., D.R.P. 20.1,906, heat linseed 
oil*at thof ordinary pressure, or in vacuo, for 3^ to 4 hours^^with 0*5 
to I’O per cent, of powdered magnesium with the formation under the 
action of hydrogen gas of a solid, readily moulded, fusible product. 

‘ The thickening occurs without the formation of a magnesium soap. 
Action of Hydrogen Aided hy Catalyst on Linseed Oil. — When 
' hydrogen is passed into linseed oil at a high temperature no reaction 
ensues. Hydrogen atoms are fixed on the double bonds, but aided 
t>y a catalyst it succeeds much better. 

As Dr. Holde states, oleic acid, the most important constituent of 
sfil semi-dvying liquid oils, requires only 2 parts of hydrogen to 282 
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4 parts of oil in order to get stearic acid, while linoleic and linolenic' 
«cid ^pquire 4 and 6 parts respectively, to 280 and 278 parts, 
Bicinolic acid, which contains 1 atom of oxygen more than oleic 
acid, forms an oxystearic acid which has a very high melting-point, 
hut which also contains only 2 atoms more of hydrogen than the 
original acid. , 

Saul and Roth rubbed up 4 grammes linseed oil with 2 grammes 
gum-arabic, using colloidal palladium as catalyst. When the mass 
thickened it was heated to 50 to 70^^ C. and hydrogen passed through 
it. The first hydrogenisation left a white hard mass of m.p. 50 to 03" 
O. with the iodine number of •O’O. The product was white and pul- 
verisable, readily soluble in CHCl^ and CSj and melted at 01 to 05'" C. 
Bedford did not reduce linseed oil itself, but operated with linoleic 
acid using finely divided Ni as catalyst. * 

There are, besides ferments and enzymes, other agents used for 
* the splitting of linseed oil. The first of these agents is water at a tem- 
perature of 200° or under a pressure of 15 atmospheres. Taking the 
fatty acids of linseed oil as H(^H, the action of saponification may 
be represented thus : — 

CalLXOK)., + 3H..0 - €311,(011)3 + 3HOH. 

■ It is disputed whether this reaction occurs in one stage, so as to yield 
free fatty acid and glycerine, or whether there are intermediate pro- 
ducts formed, viz. di- and monoglycerides thus : — 

(A) C3H,(0R)3 H.,0 « C.,lld011)(OR)., + ROII 

(B) C3H5(OHj(OR)., + H.,d (;3lI,(OH)3(OR) + ROH 

(C) C3H,(0H),(0R) + ILO « €311,(011)3 + ROH. 

To test the point R. Ranto completely saponified linseed oil with 
aqueous potash, but could not detect either di- or rnonoglycerides in 
the products of the reaction. Later on I. Kellner asserts that linseed 
oil is saponified in different stages, hut on saponification with acjueous 
lyes the three phases of the reaction follow each other so (piickly 
that it is impossible to follow them. 

Alcoholysis, — During saponification by aqueous alkali the reaction 
is fmpeded by the fact that the fat is insoluble in water and therefore 
the act of saponification is prolonged. Sa]}onification by^alcohblic 
potash is^nuch more rapid. As the oil is to a certain extent soluble 
in alcohol the decomposition is so far facilitated that the glycerine 
ester is converted into an ethyl ester, and the first stage of the 
splitting up then becomes : — 

(A) C.Jl.iO'R), + 3€.,H,OH = €3lI,(OH)3 + 3C,H,(OR) 

(B) C2H,0R + H3O = + ROH. 

The term alcoholysis is applied to the above reaction in con- 
tradistinction to “ hydrolysis In the former case it fotlows thaft 
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*when the amount of alkali is not sufficient to convert all the fatty*^ 
I acids into soap the whole of the glycerine is separated — * 

C3H,(0R)3 +*K0H + 2 C 3 H 5 OH - C3H,(0H)3 + R©K + 2C2H,,OR. 

When alcohol, therefore, is used as the solvent and the glycerine 
•dissolves as an ethyl ester, the change expressed by the above re- 
action takes place very rapidly in the cold — cold saponification. 

; Henriques dissolved 50 grammes of linseed oil in 50 c.c. pet- 
roleum ether, added 25-75 c.c. normal alcoholic potash (for complete 
saponification 9-610 grammes would have been necessary), agitated 
until completely mixed, and let stand *6 hours. The liquid gave no- 
further coloration with phenolphthaline, and the glycerine was. 
separated quantitatively, the ethyl ester distilled above 360° C., and 
was thus separated from the non-volatile glycerine ester. It was 
found later on by A. Haller that for the separation of glycerine as-, 
ethyl ester no alkali is required, and that the same reaction occurs- 
more readily with alcoholic hydrochloric acid. By treating linseed 
oil with excess of methylic alcoholi# hydrochloric acid for 6 hours, 
in a reflux condenser, the whole of the glyceride was converted into- 
a methyl ester. During hydrolysis and alcoholysis both alkali and 
acid act catalytically. When linseed oil is saponified by soda lye, 
or by alcoholic soda, by dilution of the alcoholic solution of the soap 
in water, there is obtained, in the aqueous solution, ( 1 ) all the 
glycerine, ( 2 ) all the fatty acids of the linseed oil as soda soap, and 
(3) the excess of caustic soda. The soda soap may be separated out 
from this solution by “ salting out Ten per cent, of common salt 
is dissolved in water, by the aid of heat, and added to the solution, 
with constant stirring. Glycerine, caustic soda, and sodium chloride 
remain in solution. The soda soap separates out, almost quantita- 
tively, on the surface, It is filtered off, and washed with a 10 per 
cent, solution of common salt. Hard soap is made by the salting- 
out process, but linseed oil is only used in making soft soap. By 
saponifying linseed oil by caustic potash and dissolving 10 per cent, 
of common salt in the aqueous solution, the fatty acids are separated,, 
as soaps, and an equivalent quantity of potassium chloride passes- 
into solution. • 



CHAPTER VI. 


LINSEKD OIL FATTY ACIDS. 

Splitting up of Oils and Fats . — When a nolution of neutral soap- 
is dissolved in water the solution does not react neutral, hut alkaline- 
This is due to the high molecular weight and the weakly acid char- 
^ acter of the fatty acids. Their soaps are dissociated by water, so that 
the solution contains at one time free alkali and at another time acid 
soap. Excess of alkali stops this dissociation, also alcohol. Kanitz 
has shown that, in a mixture oi 40 per cent, alcohol and GO ])er cent, 
water, dissociation does not occur. The splitting up of fats constitutes 
a great industry in which fatty acids are pre})ared for candle or soap 
manufacture. Fatty acids are marketable products. These do not 
include linoleic acid, which is, however, extensively used in the manu- 
facture of driers. In the preparation of fatty acids for the candle 
trade, autoclaves are used, the decom])Osi(ion by water of the fat 
occurring at a pressure of about 8 atmospheres, with the addition 
generally of quicklime, magnesia, or zinc-dust. There are also- 
Twitchell’s method, and the fermentative splitting up of fats. In 
Twitchell’s method the splitting U}) is ellected by steam at the ordin- 
ary temperature, using naphthalen stearo-sulphonate as catalyst. 
In the fermentative splitting up of fats, lipase, a ferment which oc- 
curs abundantly in castor oil seed, is used as the hydrolysing agent- 
A similar ferment has been found in linseed and in linseed oil cake. 
This method is little used, the zymogen cannot be obtained as an 
active enzyme. Linseed, however, contains an active lipase, dilTerent 
from that of any other seed. None of the splitting processes in use 
give quantitative results, and technical linoleic acid contains 5 to 10 
per cent, of neutraPundecomposed oil. , 

The Intimate Chemical Comj)osition of Linseed Oi/.— Like all 
|Other oils and fats, linseed oil consists of the elements carbon,, 
hydrogen, and oxygen. It does not contain sulphur, except it be in 
traces, and then only when the linseed is highly impure, from crucifer* ^ 
ous seeds, is the sulphur content of linseed oil appreciable. Extracted , 
oil contains nitrogeneous substances in small quantities. The above 
three elements group themselves together in linseed oil, (1) ai| 
glycerine, (2) as fatty acids, both being present as glycerine esters.. 
The splitting up of these esters is best done in the laboratory, b^ 
heating with excess of alcoholic potash (or soda) lye. On dilu]iing 
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the , alcohol a mixture of (1) glycerine, (2) potash soap, and (3) free 
. alkali is obtained. If this solution be boiled with excess of ihydro< 
^^hloric or sulphuric acid, the soap is decomposed, the fatty acids, in- 
soluble in water, separate as an oily layer on the surface, and can be 
separated by a separating funnel from the aqueous acid liquid. That 
^in the latter there remain no fluid f^tty acids, Mulder has shown 
by a, distillation experiment. It contains all the glycerine, which, 
however, is not pure. By evaporation with carbonate of potash lye, 
and extraction of the residue with acetone, the glycerine may be 
isolated. 


The Mixed Fatty Acids of Linseefd- Oil. — That the mixed fatty 
acids of linseed oil are to a large extent 
fluid, and that only a small amount of 
solid fatty acids is present is shown by 
their behaviour on cooling. They parti- 
ally crystallise at 15" C. (59°^ F.) and 
liquefy on warming to 20" C. (68" F.). 
The solid^fatty acids have a higher melt- 
ing-point when freed from the liquid fatty 
acids. When the mixed fatty acids are 
cooled to 0" C. (32" F.), the solid fatty 
acids do not separate out quantitatively, 
therefore, the portion that has crystallised 
out, as a general rule, contains much 
fluid fatty acids. The separation is best 
carried out by cooling of alcoholic solu- 
tion of the fatty acids, a method first 
adopted by Chevreul, and later on by 
Mulder. Mulder has shown, in regard to 
Warrentrapp's method, which rests on 
the principle that the lead salts of the 
fluid fatty acids are soluble in ether 
whilst the solid fatty acids are insoluble, 
that this method is not trustworthy, as 
the lead salts of the solid fatty acids are 
not completely insoluble in ether, 8nd 
thajb the separated lead salts of the solid fatty acids are still coloured 
yellow, artd, therefore, impure. Moreover, the fluid fatty f,cids still 
contain insoluble lead salts. 



Fia. 41. — Wolffbauer’s method 
of determining the solidifica- 
tion-point of the mixed fatty 
acids of different drying oils. 


Melting-Point op Fatty Acids. 

The Iodine Number of the Liquid Fatty Acids of Linseed Oil {the 
Inner Iodine Number). — The saturated solid fatty acids absorb no 
iodine, so if the iodine absorption of the fluid fatty acids, the inner 
iodine number, be known, So also is that of the mixed fatty acids 
dnd of thf oil itself known. The solid and fluid fatty acids are separ- 
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ated by Warrentrapp’s method thus ; 10 grammes of oil are rim into a 
300 Erlenmeyer flask and heated with 40 c.c. in alcoholic potash^ 
until complete saponification is effected. Phenolphthalein is added, ^ 
and the soap neutralised with strong acetic acid. Ehftugh water is 
added to equal that of the alcohol, then a solution of 10 grammes 
of lead alcetate in 100 c.c. 50 per cent alcohol. The whole is heated 
on the water-bath until the Itlid soap is solid, the flask with stirring 
rod is removed, and the whole allowed to stand overnight. The fluid 
portion is run off through a filter, and the small amount of lead soap 
added later on to the main portion. The lead soap remaining in the 
flask is drenched with alcohol, and the flask and contents put to dry 
in a warm place. To the dried lead soap 100 c.c. ether is added, 
and shaken until the larger lumps have completely broken up and 
the insoluble lead soap floats in the solution, in the form of a flifky 
precipitate. The whole is allowed to settle and the ether(‘al solution 
* filtered into a separating funnel. The washing of the precipitate is 
unnecessary when only the inner iodine number is to be determined. 
The ethereal solution is agitated with hydrochloric acid, in excess, to 
decompose the lead salt. When the' ethereal solution has completely 
clarified, the acid aqueous fluid aud the lead chloride are. separated 
from the ethereal solution of fatty acids iu a second separatiuK funnel ; 
there it is shaken with aqueous lye, containini,’ about 2 ('raiumes 
NaOH or KOH. To cause the two layers to separate out sharply 
10 to 20 0.0. of alcohol are added, and repeatedly shaken. The un- 
saturated fatty acids arc dissolved in the alkaline solntion from which 
they are recovered on acidulation hy hydrochloiic acid, and shaking 
with petroleum ether. The latter should not contain any fraction 
boiling above 60° C. and should be, completely volatile on the water- 
bath. By the above method of ])urification the unsaliiraled fatty 
acids are separated from the unsaponifiahlc on the one hand, and 
the oxyacids on the other. The presence of lead starts catalytic 
auto-oxidation, so the formation of oxyacids cannot very well ho com- 
pletely prevented, but it can be very much reduced when the extrac- 
tion of the lead soap and the distillation is conducted in a stream of 
hydrogen. Warrentrapp's method was soon found to he defective, 
as a non-negligible portion of unsaturated fatty acids remains m tho 
residue from the «thereal solution of the lead salts, so 
separated lead salts still absorb iodine. Bahrion found Iftf) to 
Lewkowifsch 22-3, and later on l'J-2. It is important to observe that 
H is oleic acid which remains in tho saturated fatty acids and so in- 
creases the inner iodine number. Conversely there remains a small 
quantity of solid fatty acids in the fluid portion, and, during auto- 
oxidation, takes the place of a portion of the Imolemc acid Both 
lower the inner iodine number, so that the latter 
Fahrion found for the linseed oil used outer iodine number 280 9 /, ami 
for the inner iodine number 203-3, 204-6, and 205 2, although in shaking 
up with ether the lead was replaced by a baryta salt. 
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THE IODINE NUMBER OP (a) DIFFERENT SAMPLES OP LINSEED 
OIL AND (6) OF THE LIQUID FATTY ACIDS DERIVED THERE- 
FROM. • 


! («) ‘ 

- i 

‘ Outer Iodine Number.” 

{6)‘ 

‘ Inner Iodine Number.” 

* Cotd pressed linseed oil j 

179-4 ♦ 


201-4 

' Italian linseed oil, 1808 j 

173-4 


190-1 

M „ ,. 1«99 

176-8 


193-0 

Indian „ „ ■ j 

184-0 


203-0 


Numerous attempts to render Warrentrapp’s useful method for the 
.separation of fatty acids accurate, have been made. Farnsteiner re- 
places ether by benzol. On heating, the lead salts of the saturated 
fatty acids dissolve, hut on cooling from 8 to 12° C. they are quanti- 
tatively separated, and only the unsaturated lead salts remain in 
solution. Fahrioii tried this method, but found no great advantage 
over the ordinary method. The insoluble lead salts were coloured 
yellow, and gave an iodine absorptiftn of 13-9. Farnsteiner claims 
also to have discovered a method of separating oleic acid from the 
highly unsaturated fatty acids. He converts the mixed fatty acids 
into the baryta salt and treats this whilst warm with a mixture of 
95 per cent, benzol and 5 per cent absolute alcohol. Barium oleate 
dissolves therein on cooling to about 0° ; it is quantitatively separated 
whilst barium linoleate and linolenate remain insoluble, but this 
method is not accurate. A method of Partheil and Ferie, in which 
the lithium salt is used for separation, is quite unreliable. 

FahriouH Oxyacids. Their Estimatkm , — It has been repeatedly 
proven that (1) linseed oil and (2) linseed oil fatty acids absorb 
' oxygen from the air. Amorphous oxyacids are thus formed from (a) 
linoleic and (b) linolenic acids, as first pointed out by Fahrion. 
They are characterised by their insolubility in petroleum ether ; their 
glycerides are, however, soluble therein, so that a highly oxidised 
linseed oil still may remain soluble in petroleum ether. If the oil 
in question be saponified, the separated fatty acids are still soluble 
in ordinary ether, but partially insoluble in petroleum ether. The 
quantitative estimation of these acids is performed in the same 
as the determination of the Hehner number. The oxyacids occur as 
light flakes, and are separated from the petroleum ether s'olution of 
the fatty acids by filtration. Or, if it be desired to handle them in 
large quantities, a separating funnel is used, so that the petroleum 
ether solution may be drawn off clear. The oxyacids are dissolved 
in warm alcohol, the solution cooled, and filtered into a platinum 
dish. The alcohol is evaporated on the water-bath, the residue dried,, 
weighed, heated, and again weighed; the difference gives the oxy- 
acids. Quite fresh linseed oil should naturally be free from oxyacids, 
Ipt, in actual practice, traces are always found. Again, linseed does 
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not ooine fresh to the press ; it has a long sea-voyage behind it. 
Moreover, the practice of foreheating the seed induces slight auto- 
oxidatioa of the linseed oil. 




1 No. 

Age of Oil 

1 loiUue No. ; 

Oxyacids Per Tent. 

I. 

Two months . 

* ! 

170-40 ! 

0-05 1 

O-70 j 

II. 

Three years . 

17408 

III. 

Two mouths . 

177-25 1 

i 

IV. 

Seven ,, 

. : 176 28 i 

0-60 i 

V. 

__ 

170-05 

0-78 1 



4 ; 
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But linseed oil tatty acids are much more readily oxidised than, 
linseed oil itself, and it must not be forgotten that, during the process 
of analysis, small quantities of new fatty acids are foiined. If linseed 
(oil mixed fatty acids he heated for 2 hours in the water-hath in an 
■open porcelain hasin at 105 to 110' C., 10 per cent, hecomes insoluhle 
in petroleum ether. It therefore contains oxyacids, which Mulder 
wrote so much about, although jletroleum ether was unknown to hnn. 

liike Liebig, Schuler, who, like Mulder, occupied himself with 
linseed oil, speaks of the solid fatty acids as palmitic acid, hut without 
any close examination. Mulder saionified linseed oil with aqueous 
potash lye, and precipitated the soap with lead acetate, kneaded the 
lead salt with warm water, and, whilst still moist, extracted it wi i 
ether. The insoluble lead soap, mixed with white lead and lead 
hydroxide, was decomposed by hyilrochloric acid, ami the f"' 
submitted to fractional crystallisation from alcohol 
obtained (1) palmitic acid, C„dI,,A. >ncltmg.,,omt (.2 and 2) 
myristic acid, CnH.^sOa, of melting-])oint .53 t,. Both were 
Jed after repeated crystallisation by a red resinous 

by animal charcoal. The mother liquor contained a - 

sLce, which, on attempts to cO-^tallisiMt, only left a reddish, com^ 
pletely saponifiable resin, readily soluble m alcohol. As to tie 

imposition of this rosin, Mulder l"iTai''i the 

a linoleic-acid residue which remained m the lead 
sequence of different operations, became, m course of ^ 

Milder recognised lauric acid, ])ut Ilazura could find no trace ot it 
We know now that* it is well-nigh itiipossiblo that ''' 1 “"]*., 

of a mixttre of three or more solid fatty acids should he oonq ^ 
-pure and free from fluid “‘J' “’‘n.y niere separation b) U>^^^ 
tion When it is confidently assorted on the author ty of Muldu s 
experiments that the greater part of the solid fatty acids oMjnHoed 01 
coList of palmitic acid and myristic acid 1 mus not be lost sjg 

of that Mulder had only a very small j 

for examination purposes. Moreover, during the •‘'ooholysis of hns^ 
with subseauent fractionation and saponification ot the methy 
:ir besires and myristic acids, Haller found an aj,prec.ab\p 
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quantity of stearic acid, CigH3g02, melting-point 69® C., and a smal! 
quantity of araohidio acid, C20H4QO2, melting-point 77® C., ^ 

St)lid Fatty Acids of Linseed Oil. — Liebig described the solid fatty 
; acid that can* be separated from the mixed fatty acids of linseed oil 
as palmitic acid. Unverdorben found that linseed oil contained 
stearic acid as well as palmitic acid. Bromeis isolated the solid fatty 
*acids by treating the linseed oil with liitric acid, by which treatment 
they remain to a great extent unchanged and can bo crystallised from 
alcohol. He termed them margaric acid ; likewise Sacc, who obtained 
them in the same way and gave them the formula Cj(^H3202- 
knew that the solid fatty acids obtai^pd by Warrentrapp’s method 
were impure. The ether-insoluble lead salts contained basic lead 
•dinoleate. He examined into the matter of the separation of the 
liquid and solid acids further, and in a very interesting way. He 
saponified linseed oil with caustic soda lye, and separated the soda 
soap from the solution by excess of common salt. The semi-dried 
'soap was exposed in a thin layer in an airy place and kept "warm, so 
that it rapidly absorbed oxygen, and dried with a yellow colour. 
After two or three weeks it was brought into solution by strong soda 
lye, which was coloured brown. The whole operation lasted two to 
three months and eventually gave an almost white soap. This was 
decomposed by hydrochloric acid and the fatty acid crystallised from 
alcohol, melting-point 60® C. (140® F.) C = 75-8, H - 12*5, 0 = 11*7 
per cent. « 100 ; Ci,5H3.202 requires C - 75*0, H « 12*5, 0 == 12 5. 
It thus follows that Sacc was the first to show the purity of the auto- 
oxidation products of the liquid fatty acids of linseed oil. 

Fluid Fatty Acids of Linseed Oil. Chevreul's, (Tottlieb's, and 
VoelckeFs and Laurenfs Results. — Amongst the fluid fatty acids of 
linseed oil, Chevreul only described oleic acid, the correct composition 
of which, as CigH340.2, was first determined by Gottlieb and Voeicker. 
Laurent must be credited with the discovery that linseed oil must 
contain other fluid fatty acids than oleic acid, as he found linoleic acid 
to behave quite differently under the elaidin test, and under vacuum- 
distillation, from ordinary oleic acid. Sacc's experiments. — The next 
results as to the composition of linoleic acid were obtained by Sacc, 
who experimented on the subject afresh. He saponified cold-pressed 
linseed oil with lead oxide, extracted the lead soap by agitation with 
ethfir, decomposed the ethereal solution by sulphuretted hydrogen, 
and subjected the linoleic acid so obtained to combustion^ To the 
data so obtained (C 76 per cent., H 10-7 per cent., 0 13*2 per cent.) 
corresponds the formula CggHj^^Og. Mulder s criticism. — Mulder 
' justly pointed out that, from the above data, Sacc’s linoleic acid had 
absorbed much oxygen. Action of nitrous acid on linoleic acid 
and nitric. — Sacc found that linoleic acid when treated with nitrous 
Reid gave no elaidin. Treated with nitric acid it first of all gave a 
reddish resin, afterwards found to be suberic acid, CjgH,404. 

«• SchtUe^r's Method of Preparing Linoleic Acid. — Schuler saponified 
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linseed oil with caustic soda, salted out the soap, precipitated the v 
aqueous solution with calcium chloride, agitated the lime soap with 
eSier, decomposed the ethereal solution with hydrochloric acid, and 
dried* it, at a low temperature, in a stream of hydrogen! To purify it 
still further, the linoleic acid was converted into a baryta salt, the latter, 
crystallised from alcohol, agitated with ether, and the ethereal solution^ 
treated as above. Schuler deScribes the linoleic acid so obtained as 
a pale yellow, very limpid fluid with a weak acid reaction, and a 
pleasant taste at first, biit unpleasant later on. The combustion 
results (C 75*9 to 76*2 per cent., H 10 9 to U*4 per cent.) con-espond 

to the formula CigH^gO.,. , . o i i * 

Mulders Objections , — Mulder raised the objections to bcnulers 
linoleic acid that it had absorbed much oxygen and that it was im- 
‘ possible to talk of crystallisation of the baryta salt, as it separates 
from an alcohol solution in flakes. It is now evident that the 

* numerous purifications were not effected without considerable loss of ^ 
substance* so that the fatty acid s(‘parated, and analysed, had a dif-' 
ferent composition from the or^ijinal. Schuler found too little metal 
in his linoleic salts, and therefore the true formula may l)e 

Mulder concluded from the above results, that Schuler’s linoleic acid 
contained ordinary oleic acid. Schiil(‘r s formula was next attacked 
by 0. Sussenguth who treated linoleic acid with bromine. 

Sussenguth's Impure Ilydrobrominate from lAnolenie Acid,j- 
Hvdrobromic acid was evolved with great evolution of beat. He 
aixitated the product with ether, crystallised the insoluble from alcohol, 
and so obtained crystalline plates, a fatty acid with the formula 
C H Br 0. He had in reality obtained impure hexabrornlmolemc 
acid.'' Mulder experimented on the oxidation of linoleic acid and its 
salts He examined the behaviour of linoleic acid, under repeated 
oxidation, as a result of which the more often pure linoleic acid is 
treated, the less there remains of it, and the more impure is the 
oxidation, and again, free linoleic as well as its salts .s read.ly ox.d.sed 
‘ and useless for analysis. It follows therefore that free linoleic acid 
cannot be used for general analysis, and great difliculty is Mpenenced 
in preparing -pure salts from it and in corre atmg le car on, 
hydrogen, and metal, with the correct formula for linolic acid. The 
metal content is v^ry contradictory, the salt containing too little 
Mulder tried to find whether it was entirely due to hydrolysis o^ to 
the formation of basic salts, that whilst approaching the right weight 
tliey were no longer soluble in ether. A neutral sa t was "eaissary 
for solution in ether, said Mulder, who further stated that a satis- 
factory metallic salt cannot be prepared from 1‘noleio acid. 

Fahrion’s Method of Prepariwj Pure Metallic Limleates. 
According to Pahrion, the preparation of pure metallic hnoleates is 
not so difficult. He saponifies the linseed oil with caustic soda, nearljf 
neutralises the aqueous solution with fcetic acid, 
barium chloride, extracts the baryta salt with ether, and g,vaporate* 

• VOL. I. ^ 



82 HAHtmCTTOB Oi^ ^NISHlIjl: ^ 

i'^he ethereal solution, without further treatment, in a platinum basin. 

on the water-bath. The residue contains 20-2 per cent, baryta Qjarium 
J: linolenate *= 19-9 per cent.). 

In spite of all the above drawbacks Mulder believed from the 
C and H content of a lime and a copper salt that he had confirmed 
‘^Schuler’s formula. However, the above figures in no wise correspond . 
with CiyHggOa, but according to thS theory of that time, which 
regarded these salts as addition products of metallic oxide and acid 
anhydride, the anhydride of CigHjjyOg + 2 Ci, 5 H 2 g 05 j) ; when 

more closely inspected Mulder's salts had absorbed much oxygen. 
At the same time they are less prgne to oxidation than Mulder 
thought. 

Ilazura’s Method of Saponifying Linseed Oil. — Hazura saponified 
litfteeed oil with alcoholic potash, dissolved the soap in much water, 
neutralised with acetic acid, precipitated with lead acetate, extracted 
the still moist precipitate with ether, decomposed the ethereal solu- ' 
tion, by acid, and dried the residue, over H^SO^. Combustion gave 
C s* 77*48 and 77*35 per cent. ; = 10*85 and 10*79 per cent., 

calculated for linolenio acid ; C = 77*7 ; H 10*8. 

Mulder's Belief in the Presence of Oleic Acid in Linoleic Acid . — 
Mulder only accepted Schuler's linoleic acid formula of CjgHjjgOjj with 
reservations. He asserted that no one can deny that pure linoleic 
acid has not yet been prepared, to which the formula CigHggOg can 
be applied. This doubt was intensified by Mulder’s firm belief that 
linoleic acid also contained oleic acid, CigH 3402 , or at least some other 
similar acid. As he could not fractionally crystallise the salts of 
linoleic acid he attempted to prepare them in another way. He 
agitated completely dry linseed oil with ether, which left behind a 
thick fluid quite colourless body, soluble in ammonia and soda lye.. 
When this substance was converted into a lead salt and the latter 
shaken with ether, and the ether soluble salt decomposed, a fluid fatty 
acid was obtained. 

Mulder's Dried Film of Lead Linoleate. — Finally Mulder left an 
ethereal solution of lead linoleate to evaporate in the air. The lead 
salt, so obtained, gave on decomposition an oily acid, which did not 
dry and therefore was not linoleic acid. As the thick fluid gave na 
elai'dic acid, with nitrous acid, Mulder regarded^ it as oxidised oleic 
' acid. Mwlder describes linoleic acid as a colourless oil which 
rapidly becomes coloured in the air, which can be cooled below 0° C. 
without solidifying. The K, Na, NHg salts are soluble in water 
and alcohol, the Ba and Ca salts in hot alcohol, the Ca, Ba, Cu, Pb 
salts in ether. On fusion with caustic alkali linoleic acid gives 
liydrocarbides and a volatile acid. Hydrogen and acetic acid were 
not found. 

Hazura* s Linoleic Acid. — But Hazura obtained both the latter, by 
fusion of the oleic acid, from hemp-seed oil with potash. He prepared 
' ^xis linoleic acid by Schuler’s method with the qualification that the 
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baryta salt vbus only dissolved in alcohol. The combustion gave 
jigure8*which corresponded with the formula CjgHs^O^. 

The Cl 8 Nucleus of Peters , — That linoleic acid contained the 
nucleus Cjg Petei-s showed thus : he heated it with nydriodic acid 
and red phosphorus for 8 to 10 houi-s at 200 to 210^ C. and treated 
the product with sodium amalgam and thus obtained stearic aoid^ 
CigHjjgOj, melting-point 69" C. 

Duff und lleforinatsky s Researches . — Duff and Reformatsky 
prepared Schuler’s linoleic acid in a pure state but from ethyl lino- 
leate. It was converted by hydriodic acid into moniodo-steario acid, 
Ci 8H8502» and the latter rediiced by zinc and hydrochloric acid to 
stearic acid, The yield of the latter was, of course, only 

small. Whilst the inaccuracy of Schuler’s formula wa^ acknowledged, 
the above authors, in contradiction of Mulder, still regarded linol’eic 
acid as a simple substance. K. Hazura was the first to obtain oleic 
' acid from Mulder’s supposed linoleic acid, and later on to show that, 
besides oleic acid, another acid, CjgH3.,0.^, but in much larger 

quantity, a still stronger unsat^irated fatty acid, Ilazura. 

used an oxidation method by which the unsaturated fatty acids were 
dissolved, in excess of caustic potash, and the solution decomposed 
by permanganate. This method was first irsed by Kehule in the 
oxidation of fumaric and malic acids, whilst Sayteff was the first to 
use it for fatty acids of high molecular weight. In the oxidation of 
unsaturated bodies, there is a disruption of the double link, and 
here the direct oxidation of oleic acid by aqueous permanganate gives 
azelaic acid, melting-point lOH. As oleic acid dissolves in 

excess of caustic potash, 168 grammes of oleic acid are treated with 
50 grammes of KlIO and made up to the litre, and this solution on 
cooling decomposed by 168 grammes KMn04 in d litres of water, 
dioxystearic acid is obtained as the chief product. This acid can be 
converted into moniodo-stearic acid by the action of 1*1 -f II.2O and 
the former into stearic acid by the action of nascent hydrogen. The 
dioxystearic acid appears identical with iso-dioxystearic acid, obtained 
by Overbeck in treating oxyoleic acid obtained from dibromoleic 
acid and silver oxide with potash lye. Baytefl showed that oleic acid 
whqn oxidised in alkaline solution added two hydroxyl groups. The 
double link was replaced by the fixation added to two hydroxyl 
groups. He explains the reaction thus : The double link wa® replaced 
by the fixation of one atom of oxygen, and under the influence of 
tdkalies hydration took place. Ilazura formulated the following general 
rule from his results, viz. all unsaturated fatty acids, oxidised in 
alkaline solution, absorb as many hydroxyl groups as they possess 
free valencies and are converted into saturated fatty acids, all of 
which contain the same number of carbon atoms in their molecule. , 
This rule harmonises with Fellig’s researches and with Wagner’s. 
Later Sayteff showed that the fixation of an oxygen atom by the 
double links cannot take place unless the permanganate firsts oxidises. 



,? the water, so that two molecules thereof take up two hydrogen atoms 
then the two resulting OH groups are fixed on both the (double 
' linked carbon^ atoms. Hazura contradicts this theory as the un- 
gaturated fatty acids, when oxidised by hydrogen peroxide, must yield 
dioxyacids just as hempolic acid yields azelaic acid, with hydrogen 
. ^.peroxide. Finally, he refers to the property of alkalies for fixing 
0 + HgO. Besides he laid down the rule that unsaturated fatty acids, 
with three such links, also those with double links, behave in that 
way. Later on Holde and Marcusson advocate Wagner’s theory. 
Ammonium oleate, in ammoniacal solution, treated with ammonium 
permanganate, likewise yields dioxystearic acid. In this case 
Hazura brought hydrogen peroxide, not in the nascent state, into play, 
so ho held that the last objection could not be sustained. Hazura’s 
researches on the fluid, fatty acids of drying oils are comprised in 
a series of contributions, which are here given in chronological order : 
(1) hempolic acid is referred to (2) sativic acid is CigH^gOg, 

and (3) linoleic acid CjgH3.^0.2. Then the comprehensive work “ On 
Drying Oils ” completed his researches. 

The Examination of Linseed Oil Fatty Acids . — Linseed oil is 
saponified by KHO, the soap dissolved in water, the solution neutralised 
by acetic acid, and precipitated by lead acetate. The lead soap is 
shaken up with ether, and the ethereal solution decomposed by 
dilute sulphuric acid, and by dilution of the ether the fluid fatty acid 
is obtained ; 30 grammes of this fat are dissolved in 36 c.c. of aqueous 
potash, D « 1*27 ~ 29*5 per cent. KHO, and water to 2 litres, and 
this solution at summer temperature decomposed with energetic 
stirring by 2 litres of A 1*5 per cent, solution of potassium perman- 
ganate. The liquid first becomes dark green, after a time it liberates 
manganese peroxide, from which, after an hour’s standing, the now 
clear fluid is separated by filtration. The alkaline filtrate contains 
the potassium salt of the oxyacid thus produced. It is decomposed by 
sulphuric acid, which causes a flocky precipitate to appear, which is 
filtered off and dried on porcelain plates. This acid mixture (A) is 
converted into the baryta salt, and then shaken with hot water. The 
insoluble baryta salt is decomposed by hydrochloric acid, the separated 
acid dried in the air, and digested with a large quantity of cold ether. 
Op the evaporation of the ether, there only remains unoxidised 
linoleic aA^id, and dioxystearic acid, CjgHagO^. The residue insoluble 
in ether consists of sativic acid, CigHggOg. The aqueous solution of 
baryta salts is strongly concentrated, and then decomposed by dilute 
hydrochloric acid. The acid separated is mostly linusic acid ; there 
is, however, a small quantity of isolinusic acid in admixture with it 
from which it is separated by fractional crystallisation. The acid 
filtrate from A is neutralised by KHO and the 4 litres evaporated to 
about 300 c.c. ; it is then acidulated by dilute sulphuric acid, filtered 
from the precipitated acid mixture, dried in the air, and dissolved in 
‘‘etjier ; only azelaic acid, C{,Hig 04 , dissolves. It is a decomposition 
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pro4.uot of linoleic acid. The portion insoluble in ether is isoliiiusio 
acid, QigHjeOg, an isomer of linusic acid. The following is a descrip- 
tion of the properties of above acids as obtained by H%zura, together 
with information as to their source : — • 

Hazura*s Acids and their Derivatives, — 1. Dioxystearic iMjid is the 
oxidation product of oleic acid^JJjgHjj^O.^. Mulder’s belief that linseed^ 
oil contained oleic acid was confirmed by llazura. The constitution of 
oleic acid as CH^ . (CH. 2)7 . CH : CH (CH.^)- . COOH is firmly estab- 
lished. Therefore, dioxystearic acid must have the formula 


CH3(CH2)7CH . Oil . CU . OH . (CHj^^COOH. 


The crystalline form, according to Sayteff, is rhombic plates. Hazura 
at first spoke of mother-of-pearl plates, later of rhombic plates, again 
as blunt angled tabular crystals. SaytelT gave the melting-point at 
first as 132*5, later on as 13()‘5'' C. Uazura found first 130 to 131® C., 
later 137* C. Groger, who oxidised oleic acid from ox-tallow, states 
that he never found a higher melting for the dioxystearic acid than 
130*5 to 131*5® C., and Fahrion confirms this figure as regards the 
dioxystearic acid from linseed oil. The latter states it can no longer 
be denied that different oleic acids occur in natural oils and fats. 
Dioxystearic acid is completely insoluble in water, freely in hot 
alcohol, slightly in cold alcohol, and very slightly soluble in ether. The 
alkaline salts are freely soluble in water, those of baryta insoluble 
therein. Hazura in brominating linseed oil fatty acids found that, 
during bromination, oleic acid yielded no crystalline derivative, 
only the thick dibromoleic acid. Sativic acid, CjgH^./)2(01I)^, is 
a tetra-oxystearic acid ; it crystallises in long needles with pyramidal 
prisms and a silky lustre melting at 173® C. It is insoluble in cold water, 
carbon disulphide, ether, chloroform, and benzene, soluble in 1000 
parts of boiling water, slightly soluble in cold alcohol, readily soluble in 
hot alcohol and glacial acetic acid. The baryta salt is insoluble in 
water, potassium permanganate oxidises it to azelaic acid. The four 
OH groups behave normally during acetylation. Finally, on treat- 
ment with iodine, followed by reduction, sativic acid yields stearic 
acid. Therefore, the mother substance of sativic acid must be an un- 
sat*urated fatty acic^ CjyH;,,02, containing four doublt? links. Hazura 
called it linoleic acid. Various circumstances point tq diffei’ent 
lipoleic abids occurring in different oils amongst the linoleic acid of 
hemp-seed oil which, according to llazura, yields a well-crystallised 
tetrabromide derivative of melting-point 114 to 115® C, Linoleic 
acid from linseed oil yields a thick fluid tetrabrom derivative which 
hardly becomes solid and melts to an amorphous mas^ at 1)8 to 100 « 
Finally, quite a series of tetra-oxystearic acids were obtained, the 
melting-point of which was below 173® C. — 152 to 165. On theothef 
band, Thoms obtained from telfairic acid a hydroxy acid melting 
at 177® C. Linusic acid, CigHgoOjCOH)^, seldom forms needles btft 
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tiaostly forms rhombic plates, ending in two blunt angles ; melts at 
C. It is insoluble in ether, slightly so in cold water, aud more 
freely in hot yrater. But water dissolves it more freely than sativic ^ 
. acid. Moreover, it is slightly soluble in alcohol. The baryta salt is 
sli^tly soluble in cold water, freely soluble in hot water. With 
, acetic anhydride it produces a hexac^etyl derivative ; it is a hexa- 
oxystearic acid derived from an unsaturated fatty acid, CigH^oOg, 
linolenic acid. Hexabroralinolenic acid, Cj^jIIgoBr^Oa, forms needles 
with a melting-point of 177“ C., completely insoluble in ether and 
acetic acid. Lately it has been prepared direct from the mixed fatty 
acids of linseed oil. Eeformatsky regarded the hexaoxystearic acids 
as secondary products, although Hazura had shown previously that 
sativic acid on further oxidation in alkaline solution yielded no 
linusin nor isolinusin, but only azelaic acid and decomposition pro- 
ducts. 

Hehner's and MitcheWs Insoluble Ilexabr amides. — Hehner and 
Mitchell, in 1898, prepared the insoluble hexabromide from linseed 
oil fatty acids, by bromination in ethty:, or acetic acid, solution. In- 
stead of 177“ C. they found the melting-point to be 180 to 181“ C., and in- 
stead of the theoretical quantity of bromine, 63*31, their hexabromide 
yielded 61*80, or a deficiency of 1*51 per cent. No crystalline sub- 
stance was obtained from the mother liquor, only a thick fluid impure 
tetrabromide. On boiling the impure tetrabromide with alcoholic 
potash the bromine was completely removed. The potassium salt of 
the tetrabromide, by treatment with acids, liberated a yellow viscid oil 
absorbing 61*63 per cent, of iodine. On reduction of the hexabrom* 
linolenic acid with Zn -i- 2HC1 free linoleic acid was obtained as an 
almost colourless oil of sp. gr. : 0*9228, iodine No. 241*6, absorbing 
oxygen from the air with great rapidity and turning dark brown forth- 
with. Hazura’s linolenic acid also absorbed oxygen rapidly and could 
not be prepared pure, and thus could not be brought to absorb more 
than 245 per cent, of oxygen, the theoretical amount being 274*1. If 
Hazura’s and Hehner and Mitchell’s figures fairly agree they are both 
considerably below the theoretical. Brominated in acetic acid solu- 
tion it is only partially converted into hexabromide, but HBr is 
also evolved. Later linseed oil was itself brominated in an ether 
solution kept cool during the operation likewise iip acetic solution. It 
yielded about 25 per cent, of crystalline bromide, melting point 
^143*5 to 144“. Analysis of a mixed glyceride of hexabrom linolenin 
and dibromoleic acid, C 3 H 5 (Ci 3 H 330 . 2 Br 2 ), (Ci 8 H 2 i) 02 Br, 5 ) 2 . 

The Preparation of Ozonides. — C. Harries began his work on the 
action of ozone oh unsaturated compounds. He fixed a molecule of 
dzone on the double link, and on treating the ozonide, so obtained, 
with water, it decomposed with the formation of aldehydes. Harries 
applied the reaction to oleic acid, and by the aid of solvents produced 
a normal ozonide, CjgH 340 g, or an ozonide peroxide, Cj^Hj^O^. On 
telling with water, it left as primary product nonaldehyde, 
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. CHO, and azelaic serai-aldehyde, CHO(CH,)i,CO . 6rf,- 
according to which the constitution of oleic acid is 

CH 3 . {CH 2 ) 7 CH : CH . (CH,),COOH, • 

C. Thieme also treated linoleic acid with ozone and obtained a- 
syrupy ozonide with the apprc^imate composition As de- 

composition produces only formic acid, azelaic acid and azelaic half-* 
Aldehyde were identilied with certainty. Wherj tri-olein is agitated 
with a solution of ozone in hexane it absorbs 3 molecules of ozone. ’ 
The ozone number of tri-olein is 16*45. Calculated for : 

16*37. The tri-oleic ozonide has the following formula : — 

/ \ 

CH, . (CH.,),CH . CH . (CH.,).CO . O . CH, 

o, - I 

/ \ 

CH, . (CH.,),CH . CH . (CH.,).CO . 0 . CH 

• ” I 

CH., . {CH,);CH . CH . (CH,).(JO . 0 . CAl, 

\ / 

0 , 

It is a thick colourless oil decomposing at 136° C., soluble in ether, 
acetic acid, benzene, chloroform. When heated with 20 per cent, 
alcoholic potash on the water-bath azeloidic is obtained on acidula- 
tion and glycerine remains in the mother liquor. Molinari and 
Fenaroli have followed the matter up with the view of determining 
new constants for the analysis of oils and fats. 

1 . The iodine numbers of the ozonides of oleic and elai’dic acid and of 
tri-olein. The ozonides are dissolved in alcohol or a little chloroform, 
and an alcoholic solution of potassium iodide added. Iodine 
liberated. The proportion of iodine dej)ends to some ejxtent on how 
long the mixture has been allowed to stand. For the ozonide of oleic 
acid 39 03 per cent, of iodine is lil)erated in 24 hours. To each 
molecule of ozone there corresponds an atom of iodine, and according* 
thereto the iodine number of the ozonide of oleic acid is 3B*45. By 
this method the ol^ic acid and tri-olein content of oils and fats may 
be estimated. » * , 

> 2. The saponification number of ozonides. The determination of 
•oleic acid in fatty mixtures by weighing the products of decomposi- 
tion nonylic acid, azeloi'dic acid, does not give satisfactory results ; 0 % 
the contrary, better results are obtained by means of the saponifica- 
tion numbers of the ozonides of oleic acid and tri-olein. / 

Bedford’s work was continued by F. Raspe, who tried to establish 
the constitution of linoleic acid in a manner to which no exception 
•could be taken. Linolenic acid, prepared according to Bedford's 
method, was ozonised, by which it absorbed in solution 9 to 10 atoms 
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of oxygen. Therefore, the molecule of linolenic contains 3 double 
Unks. The ozonide is a thick colourless oil, now scarcely fluid, with 
Si peculiar sn^ell. The ozonide peroxide is more resinous. They 
^th behave [similarly towards water. Linolenic ethylate adds, in 
chloroform ic solution, 10 atoms of oxygen ; the viscous, clear water- 
^white product yields on decomposit^n with warm water, first of 
all azelaic acid, azelaic acid half-aldehyde, carbonic acid acetalde- 
hyde, and a light unstable oil which gave oxalic and adipic acid on 
cautious oxidation. By partial decomposition with cold water, the 
ozonide of the a ester was decomposed, but nothing further was 
identified beyond malonic acid haif.eldehyde, and malonic acid. 
Finally, acetaldehyde is shown to be a secondary product, derived 
from propionic aldehyde, so the primary decomposition products are 
propionic aldehyde, malonic acid, azelaic acid ; that is to say, the 
aldehydes of both acids. He therefore ascribes the following formula 
to linolenic acid : CH 3 . CH 2 . CH : CH . CH.^ . CH : CH (CH,);COOH, 
Therefore, \a and b linolenic acids behave similarly on ozonisation ; 
they are itherefore to be regarded as stereoisomers of the a acid. The 
A acid is the labile cis, the B acid the stabile transform. 

Thieme holds that everything points to Eeformatsky linoleic acid 
being a simple substance. 

Linoleic Acid from Sunflower-seed Oil. — At the same time G. L. 
Goldsobel obtained linoleic acid as a tetrabromide from sunflower- 
seed oil. The fluid fatty acids of this oil gave sativic acid on oxida- 
tion, with a melting-point of 173° C., and this by further oxidation, 
in alkaline permanganate, oxalic, azelaic, and a hexylic acid, which 
would give linoleic acid the constitution 
CHg . (CH 2 ), . CH : CH CH.,CH . CH., . CH : CH . (CH.,), . CO . OH. 
Goldsobel, later on, claimed to have confirmed this formula by 
optical methods. 

Bedford's Besearches on the Unsaturaied Fatty Acids of Linseed 
Oil. — F. Bedford began, in 1906, his researches on the unsaturated 
fatty acids of linseed oil, and on their quantitative reduction to stearic 
acid. Bedford in the beginning tried first to extract each fatty acid* 
by fractional distillation, in a high vacuum, for which he used a 
specially constructed apparatus. But although the pressure was. aa 
lo'vy as O’OOOS mm., no fractional separation took place. Then he 
brominatehl the mixed fatty acids of linseed oil in acetic f».cid solu- 
tion, and, after purification, prepared the hexabromide in large 
quantities. It was pure white, melting-point 178-5° C. ; after two 
crystallisations from acetic ether, 179 to 180° C. A series of hexa- 
bromide derivatives were prepared ; these treated by alcoholic potash 
were reduced by zinc and hydrochloric acid to linoleic acid. The 
fatter had no fishy, but a somewhat pleasant, smell, = 0*819, 
iodine figure 248*7 instead of 273*8, boiling-point under 0*001 to 0*008 
mm. pressure 157 to 158° C. During bromination only \ of the lino- 
lenio acid is converted into crystalline hexabromlinolenic acid, the 
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remainder being a thick fluid tetrabromide. After debromination thia 
yields, <m fresh bromination, only a small further quantity, and, on 
bromination once more, it yields no more hexabromidg. Linolenio 
acid is not reduced to stearic acid by HI and P but its ethyl-ester by 
hydrogen, aided by freshly reduced nickel, as a catalyst (Sabatier- 
Senterens’ method) to ethylic stearate, which on saponilication yields 
normal stearic acid, melting-point 69"' C. The normal connecting- 
links of linolenic acid were thus again confirmed anew. Bedford did 
not accept Hazura’s isolinolenic acid, not only because one and the 
game acid gave two stereoisomeric oxyacids but also because during 
Hazura’s oxidation, besides oxyacids, lactones and anhydrides were 
produced, so that the oxidation product was a complex mixture from 
which it was well-nigh, if not entirely, impossible to obtain any 
one of its components in a state of purity. Again he points out 
that, during the debromination of hexabromlinolenic acid two 
^isomeric lipolenic acids remain — a linolenic acid with the crystal- 
line hexabromide and h linolenic acid with the fluid tetiabromide. 
In linseed oil only the a linolenic acid occurs. The linoleic acid of 
linseed oil, in contra-distinction to that of poppy-seed oil, yields na 
crystalline bromide which can be referred to b linoleic acid. 

More recently A. Rollet has occupied himself with linoleic and lino- 
lenic acid. The first was prepared as tetrabromide, melting-point 114 
to 116^ C., from poppy-seed oil, from which it appears without doubt. 
The b linoleic acid of linseed oil is closely connected with the a acid 
of poppy-seed oil, as is pointed out in this r(^s(‘arch. The tetrabromide 
was converted directly into methyl linoleate by methyl alcohol, HCl 
and Zn, and by cold saponification free linoleic acid was obtained. 
It consists of a water-white oil, boiling-point 228 CJ., iodine figure 
178-3 and 179-1 (instead of 181-4) (i\^ = 0-920G. Ihomination only 
gave a 50 per cent, yield of crystallised tetrabromide. However, 
if linoleic acid be a single substance, then it can on l)romination leave 
two different derivatives, both of which can be split up into two 
‘ active components. On adding iodine to the oily tetrabromide no 
more iodine w;as absorbed, and on reduction it yielded not 
linoleic acid : boiling-point 230*^, iodine figure lo8 9 and IbO , w nc 
on b^ing again brominated no longer yielded 20 2 per cent, o cij-s a 

lised tetrabromide. 4>ossibly the fluid tetrabromide was imimre. Iht 

presence oi oleic acid appears not to affect the yield of sdid tetra 
biomide as in the case of linolenic acid. On oxidation of the lino eu 
aeid, the sativic acid produced on repeated crystallisation from alco 
hoi melts between 156 and 169^^ C. ; by boiling with benzol anc 
once more crystallising from alcohol, the melting-point uses lotr 
171tol73‘*C. 

Preparation of Linolenic Acid.—^o prepare linolenic acid th( 
mixed fatty acids of linseed oil are brominated in acetic acid 
and the crystalline hexabromide, melting-poirit 180 *’ 

converted into methyl linolenate water-white oil, oi mg poin 
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'in COj stream, 207° C., iodine number 257'5 (Theory 261). The > 
separated linoienic acid was a pale yellow oil, boiling-^i»t 17 m , 
CO. 8tream„230 to 232° C., iodine figure 267-4 and 267-8 (Theory ■ 
274:‘2), rf V 0*9141. The yield of crystallised hexabromide is only 
20 per cent. The bromine content of the fluid bromine points to 
C,„H„,Br-0.,, and it still adds iodin^ By energetic bromination o£ 
linoienic acid in petroleum ether, only a fluid hexabromide was ob- 
tained, which no longer added iodine, and which no longer showed a 
deficiency of 16 per cent, bromine. On reduction it yielded a bnoleio 
acid of boiling-point 232° C. and iodine figure 217. Bromination stUl 
gave 16 per cent, of hexabromide. Binoleio acid yields four different 
bromine addition products, with two optically active components, so 
that its behaviour on bromination affords nothing against its unity. 
During the Hazura oxidation, linoienic acid not only yields, as Hazura 
says, linusio acid, 201 to 203” C., but isolinusic acid of melting-point 
171 to 173” C. (Hazura 173 to 175°). Eollet therefore asserts that 
no reason exists for the terms iso and ^ linoienic acid. 

Brdman and Bedford protested decidedly against this theory. 
They modified Eollet’s procedure thus: The fluid bromine product, 
soluble in petroleum ether, was debrominated by heating with zinc 
and acetic acid. An oil was obtained with the iodine value 185-8, 
and the molecular weight 428 from the acid figure. On iu^her 
bromination it left 3-2 per cent, of solid hexabromide, and a fluid 
bromide insoluble in petroleum ether ; on debromination a thick fluid 
oil, with the iodine figure 109-3 and the molecular weight 516, was ob- 
tained. On the third bromination this oil gave no further solid 
hexabromide, whilst on the second bromination 3-2 per cent, was 
obtained, it is clear that a certain weight of hexabromide remains 
dissolved, and during debromination yields a linoienic acid. The 
b linoienic acid, moreover, only yields fluid tetrabromide, which on 
debromination forms no a linoienic acid and no pure b linoienic acid ; 
.only gradual polymerisation or anhydride formation can occur. 

To sum up, three unsaturated fatty acids are recognised with 

certainty. i. / v i • -j 

Table showing the constitutional formula of (rt) oleic acid, 

linoleic acid, and (c) linoienic acid, being the chief liquid fatty acids in 
Ivnseed oil : — 


«• 

(a) Oleic Acid, : — 

CHa . OH., . CH., . CH., . CH., . CH, . CH, . CH, . CH : CH (OH,)- . COOH. 

(b) Linoleic Acid, CigH3202 

CHq . OHj . CH., . CHg . CH, . CH ; CH . CH, . CH : CH . (CH.,), . COOH. 

(c) Linoienic Add, . 

CHg . CH, . CH : CH . CH, . CH ; CH CH, . CH : CH (CH,), . COOH. 

The linoleic acid formula applies only to the linoleic acid from 
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'Sunflower-seed oil. All three acids show a double link, exactly in 
the middle, in the. 9*10 group linoleio and linolenic acid, a second 
double link between 6*7 and linolenic acid, a third doub]^ link in 3*i 
group. 

Glycerides of Linseed Oil . — We know almost nothing as to the 
principle on which, nor the manner in which the fatty acids of linseed 
•oil are combined in the triglycerides. It was agreed at one time 
that all the fatty acids exist solely as triglycerides ; thus oleic acid 
.CigH3402 occurs in nature only in the state of triolein, 

C3n4C,«H,30,),. 

Later on, however, a series of mixed glycerides, e.g. oleo di-stearin, 
C3H^(C,8H3302)(C,gH.^,,02)2> isolated from naturally occurring 

,fats,^ which were separated fractionally by long and toilsome 
fractional crystallisation from oil solvents. With linseed oil, owing 
*to its great capacity of withstanding cold, this method does not suc- 
ceed very well. Moreover, this capacity to withstand cold is so great 
that in linseed oil solid fatty a«ida of the mixed glycerides are in 
greater part prevented from crystallising out ol the oil at 0 C. 
Henriques and Kunz set out to separate the dilferent mixed glycerides 
.from linseed oil in the form of halogen addition products, but 
Henriques’ death interrupted the work, which was never resumed. 
Linseed oil is to-day regarded as a mixture of triglycerides, of which 
we know next to nothing. The mean molecular weight cannot be 
determined so long as the triglycerides are mixed. Now linoleic and 
linolenic acids form the greater part of linseed oil ; their triglycerides 
have the molecular weight of H7B and 872, and the mean molecular 
weight of linseed oil must approach these figures. 0. Borries was 
the first to make researches by Beckmann’s freezing method in 
benzol solution. The figures 300 to 700 were found for raw 
bnseed oil using concentration. Better results were obtained bj 
ireeing the oil from water by dry GO. Once more figurei 
were determined with strong concentration. They were 70H, 
and 644, mean 675. Norman tried to determine the molecular weighi 
of oils by the freezing method in benzol solution and by high con 
cent^ation obtained high results. By the boiling-point rnethod thi 
figures differed widely on strong concentration. Linseed oil gmw 
1182 and as low as 500-4. Ether appears to be the best solvent to 
the boiling-point method, A. Genthe obtaining nearly correct results 
ohe figures being 800. F. Fokin found by the freezing method- 
solvents were not used— the figures 832. Evidently the rnolecula 
weight and its estimation require further investigation. Besides th 
triglycerides of the fatty acids, linseed oil contains other substance* 
but in small quantity as the glycerides of the fatty acid form 97 pe 
eent. as a minimum, and 98 per cent, as a maximum of linseed oi 
/ The other substances form an interesting section both from a sciet 
V stifle and a technical point of view. 
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BE8ULTS OP OXIDATION OP DIFFERENT DB^YING OILS BY 
HAZURA’S METHOD. ^ 


1 

Oil. 

Dioxystearic 

Acid, 

if 

Sativic 

Acid, 

C„H„0,(0H).. 

Linusic and 
Isoliousic Acid, 

Linseed oil . 

Hemp ,1 • • • 

Nut oil „ • • • 

Hemp-seed oil . 

Cotton- seed „ 

1*2 grammes 
40 

2-5 

8-5 

23-0 

• 

6-5 grammes 

24- 0 

25- 0 

18-5 

31-5 

20*3 grammes 

2-5 

20 

0*3 

TABLE SHOWING THE 

PERCENTAGE CONTENT OF LIQUID FATTY 

ACIDS IN VARIOUS OILS. 

- 1 


Oil. 


Linseed oil 

Hemp „ . 
Nut ' „ . . 

Hemp- seed oil 
Cotton-seod ,, 


Linolenic Isolinolenic 

Acid. Acid. 


15 per cent. 05 per cent. 


15 per cent. 

13 „ 

5 „ 

•5 


Linoleic 

Acid. 

• Oleic 

Acid. 

15 per cent. 

5 per cent. 

70 

15 

80 „ 

7 

65 „ 

30 „ 

GO „ 

40 


TABLE SHOWING THE CHEMICAL CONSTITUTION AND PHYSICAI 
PROPERTIES OF CERTAIN LIQUID FATTY ACIDS FROM VEGE- 
TABLE OILS AND THEIR BROMINE COMPOUNDS. 


Acid, 

Formula. | 

Molecular 

Weight. 

Melting-point. 

Bromine 
Content 
Per Cent. 

Oleic acid . . . 



282 

-f 14° C. 


Dibromstearic acid or di- 
brominated oleic acid , 

Oi8lIa4D«2R*‘3 

442 

Liquid 

36*18 

Elaldic acid . . 

018^34^3 

282 

+ 44*5° C. 


Dibromelal'dic acid or di- 

C,,H 3 , 0 ,Br., 

442 



brominated elaidic acid . 

+ 27*0° C. 

00 lo 

ilioinoleic acid . 
Dibromftcmoleic acid 
Ricinelaldic acid 
Dibromricinelaldic acid 

C,8H330.pH 

Oi8H3403Br» 

C,8H330,0lt 

Oi8Hg403Br2 

298 

458 

298 

458 

+ *4*6 

Liquid 
j + 52-53° C. 
Liquid 

34 91 

34*91 

Linoleic acid . . 

C 18 II. 330 .J 

280 

Liquid at 18 C. 


Tetrabromstearic acid or 
linoleic tetrabromide . 

0i8H39O2Br4 

600 

113-114 

63*33 

Telfairic acid . 

,, tetrabromide 

Oi8H3202 

Oi8H3202Br4 

280 

600 

•f 6 ° 

57-58 

53*33 

Linolenic acid . 

„ hexabromide 

^18^33^3 

278 

758 

Liquid 

180-181 

63*33 

Therapic acid . 

„ octobromide 

Gj 7 H 2«02 

262 

902 

- 

70 96 




Table showing the properties of the HyOROXYLATED DERIVATIVES OP THE LIQUID PATTY ACIDS Of 


XINSEED OIL FATTY ACIDS. 


9a 
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Simple reasoning, therefore, tells us that the oils are those which' 
hold the least amount of saturated acid and the largest quantity of 
linolenic and isolinolenic acids, which, having six valencies not satis- 
fied, are able to absorb oxygen more rapidly than linoleic acid. 
Moreover, it will be observed that the classification resulting from 
the preceding study is in complete^ concordance with the facts re- 
cognised in practice and with those observed by Mulder, and also- 
with the classification which results from the iodine absorption 
data. 

Bstimation of the Free Fatty Acids in Linseed Oil— A perfectly 
neutral fat containing the exact equivalents of glycerine and fatty acid 
to form a pure neutral glyceride does not exist in nature. There is 
always a certain deficiency in glycerine, and the amount of fatty acid 
corresponding thereto is present in the free state. In other words,, 
the glycerine corresponding to the free fatty acid has been split off, 
and oxidised to volatile compounds which have escaped. Linseed 
contains fat-splitting lipases, as already explained, only in a minimum 
quantity. Accordingly the free fat^y acid content of linseed is cor- 
respondingly small. Mulder s statement that fresh linseed oil is 
perfectly neutral cannot be accepted. 

Pure samples of raw linseed oil, unless oxidised or thickened or 
very old, contain only small amounts of free fatty acid, whilst if 
sophisticated with rosin oil, which abounds in free rosin acids, the 
percentage acidity may be much increased. In the distillation of 
rosin there is a good deal of vesicular carrying over of unchanged 
rosin in the train of the vapour of rosin oil ; hence the marked acidity 
)f the latter unless the rosin oil has been well refined by redistillation 
)ver caustic soda lye. Bosin itself consists of a certain organic acid 
ivhich very probably differs slightly in different samples which have 
)een described by different observers as abietic, pimaric, etc., but all 
)f which are referred to one single acid by Skateloff, viz. sylvic acid, 
^osin has an average acid number of 164, so that 5 per cent, of 
■osin in an oil would increase the acid number by 8 at least. But the 
latural acidity of genuine linseed oil increases with age by the ac- 
jumulation of the fixed oxidation products of the oil. The older the 
inseed from which the oil is expressed, the greater will be the, free 
atty acid content of the expressed oil. Moreover, during the pressing 
>i fresh «eed, even owing to the practice of forewarming the seed, a 
light increase in the free fatty acid content may occur. So that 
dthough a high acidity might indicate the presence of rosin acids, 
md hence of rosin oil or free rosin, yet it would not be safe to come 
0 a decided conclusion without confirmatory evidence. A portion of 
he acidity may even be due to free sulphuric acid used in refining 
he oil, but any appreciable proportion would point to unmitigated 
arelessness on the part of the refiner in washing, seeing he hardly 
iver uses more than about 1 per cent, of acid. The actual amount 
if acidity due to sulphuric acid is estimated by repeatedly boiling a 
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IwoWn quantity ot the oil with water until free from acidity » oolteot’-'^ 
ing the ^ash waters, concentrating, and, after cooling, adding neutral 
potassium iodide and iodate and titrating the liberated iodine, if any, 
with sodium hyposulphite. The free iodine found is daloulated to 
caustic potash, KHO, and deducted from the potash required to neu* 
tralise both the sulphuric acid and the organic acids present in the 
sample. The remainder gives tl?e free organic acids, which consist of 
the fatty acids from linseed oil alone if the sample be pure, but if 
adulterated it may represent in addition the acidity due to the 
presence of rosin added either as such or in the form of rosin oil 
The total free acid is determine^ as follows : From 5 to 10 grammes 
of the oil are weighed into a flask and 50 to 100 c.c. of alcohol 
added ; if methylated spirit be used it must bo previously neutralised, 
as it is always acid. Heat on the water-bath, shake, cool, and 
titrate^with deci-normal alkali ; add a few drops of phenol-phthalein. 
The result is calculated to milligrammes of caustic potash, KHO, per 
gramme of bil. 

The free fatty acid may be qu^mtitatively separated as the sodium 
salt by treating the oil with excess of dry sodium bicarbonate, and 
extracting the mixture with petroleum ether. The neutralised fat is 
dissolved, and the resultant soap can be separated as fatty acid by 
hydrochloric acid. But the method is not applicable to linseed oil 
owing to its tendency to oxidise. 

The method of calculation may be carried out as follows : — 

Suppose 9*525 grammes of linseed oil to require 4*5 c.c. ot 
deci-normal KOH. 


Then 


^ ^ » say 2*6 free acid value. 


It is sometimes desirable to report the results in terms per cent, 
of oleic acid. Such is approximately obtained by simply dividing the 
ascertained free acid value by 2, thus: 

Let 2*6 equal free acid value. 


Then 


2 


1*3 per cent, oleic acid. 


This method of calculation is ample for a general report. , • 

The aoMity ot linseed oil expressed as oleic acid, according to 
'^oklinger, varies from 0-41 to 4- 19. Mcllhiny gives an acid value 
of a-0 as the usual figure, which equals oleic acid 1'51. A very old 
sample gave 7-1. Mills allows a maximum acid value of 10. It 
will be readily understood that boiled oil gives higher acid figuree 
than raw oil. Weger allows as high an acidity as 12, and in very 
much thickened oils he allows 30. However, free rosin may Ik 
introduced by fused metallic rosinates, the so-called resinates, 
•With the accent on the e. The acid figure of boiled oil, sayi 
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Mcllhiny, is usually below 5, but it is more uncertain than the raw 
K)il. A figure above 10 is in his opinion undoubtedly dije to the 
presence of rosin, which seems rather a dogmatic dictum. The acid 
value of rosin varies from 145 to 180, and its detection is facilitated 
by its giving both a high bromine substitution figure as well as an 
addition figure. But the safest method is to estimate it quantitatively 
by one or other of the methods aSopted in soap analysis, such as 
Oladding’s or Twitchell’s. But the process often recommended, to 
exhaust the oil with pure alcohol and then to add an alcoholic solu- 
tion of basic acetate of lead, is not reliable, as linoleate of lead formed 
from the free linoleic acid does not .dissolve in alcohol to any very 
appreciable extent more than the rosinate of lead. The operator is 
thus thrown back upon the character of the precipitate — always a 
very unreliable indication. 

The Free Acidity of Linseed Oil Increased on Oxidation of Lin- 
seed Oil ; the Percentage of Oxyacids as a Measure of Oxidation,-^ 
Bauer and Hazura found that the acid number of two saftiples of lin- 
seed oil, kept for four or five yearj in loosely stoppered flasks, had 
increased by 8*9 and 12*1. Fahrion uses the oxyacid content as a • 
measure of the extent of oxidation. In a sample of linseed oil, over 
one year old, which had not been heated in any way but kept in a glass 
vessel not quite full and often opened to take out samples, Fahrion 
found an iodine value 151, together with 6*5 per cent, of oxyacids. 
As a test this oil was heated for four hours at 110° C., when the iodine 
number sank to 136*1, whilst the oxyacid content rose to 11 per cent. 
Thomson and Ballantyne left linseed oil in an open vessel with 
constant stirring, exposed to the air for six months. The density 
rose from 0*9325, its original oil, to 0*9331 at end of first month, to 
0*9385 at end of six months ; the iodine number sank from 173*5 to 
166*2. 


TABLE SHOWING MONTHLY INCREASE IN DENSITY IN OILS EX- 
POSED TO AIR IN UNCORKED BOTTLES FROM ONE MONTH TO 
SIX MONTHS, THE BOTTLES BEING SHAKEN EVERY MORNING. 
(THOMSON AND BALLANTYNE.) 


• 

Oil. 

Density, 

Original. 


Densities at End Each Month. 

• 

1. 

2. 

3. 

4. 

%. 

6. 

Olive 

0-9168 

0-9187 

0*9193 

0-9208 

0*9215 

0-92 7 

0-9246 

Castor 

09679 

0-9681 

0-9691 

0*9700 

0 9700 

0-9685 

0-9683 

Colza 

0*9168 

0-9183 

0*9172 

0-9185 

0 9184 

0-9200 

0*9207 

Cotton-seed 

0*9226 

0-9237 

0-9241 

0*9261 

0-9278 

0*9304 

0*9820 

Araohis 

0*9.09 

0*9213 

0*9221 

0-9238 

0-9239 

0-9256 

0-9267 

Linseed . 

0*9825 

0*9331 

0-9386 

0-9853 

0-9369 

0-9372 

0-9885 
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^ABLE SHOWING THE FREE ACID OONTfeNT OF VARIOUS SXMFLEI 
• OP LINSEED OIL. 


Authority. 

No. of 
Samples. 

! 

1 

Origin. ; 

Acid 

No. 

1 Free Fatty 
■ Acitl, Per 
Cent. 

Iteinarks. 

NordUnger 

10 

- 

- 

6 

Technical oil, 
Average 1*57 
From pure seed 
fresh pressed. 

Haselhof . 

3 

— 

• — 

0*07.0*27 

Lewkowitsch 

4 i 

3 JtnsHian, 

1 Indian 

1*3.1 *3 

i 

Schestakofi 

11 

UusKia 

— 

' 0*55-4*33 



Tomarchio 

0 

Various 

— 

, 0*36-1 -iO 



American Committee 

4 

U.S.A. 

11-3-3 

1 — 

— 


Eslimdtion of the Mixed Fatty Acids of Linseed Oil , — To calculate 
lese it is not sufficient to takt^ the chief in^^redients of linseed oil 
in the form of their respective triglycerides, formulating these as 
and (yir,(Cj These forinulie calculated 
for both glycerides give 95*7 per cent, for linoleic acid and 95 (>7 for 
linolenic acid, and the mixed fatty acid content of linseed oil must 
therefore closely approach these hgures. Mulder found similar 
figures after the removal of the volatile fatty acids; he estimated the 
fixed fatty acids thus : he saponified linseed oil by aqueous lye, de- 
composed the soap by dilute filtered off the fatty acids, washed 

them with water dissolved in alcohol, evaporated the solution and dried 
the residue at lOO'^ C. (212'" F.). In a linseed oil prepared by himself 
he found 95*4 per cent., in a commercial oil, 95 per cent, of mixed 
fatty acids. The results were rather low. Mulder heated myristio 
and palmitic acids on tin plates for six hours at 80° C., and found that 
they did not change in weight, whilst linoleic and linolenic acids 
increased 12*1 per cent. On another occasion Mulder found that 
linoleic acid increased in weight on heating. That this increase 
cannot be neglected was shown by R. H. Tatlook of Glasgow. He 
heated the mixed fatty acids of linseed oil for varying periods at 
90° C. and found affier 24, 48, 96, 120 hours an increase in weight by 
increments of 1*25, 1*23, 0*42 and 0*19, ^ • 

MuldeT’s method descrilxjd aliove was modified by Hehner. He 
dispensed with solution in alcohol, collected the fatty acids directly 
on the filter and dried. The percentage yield of fixed fatty acids 
turned the Hehner number. In the case of drying oils the Hehner 
process was but little practised, as in the draining of the fatty acids 
on the filter paper auto-oxidation was started. 

Fahrion prepares the mixed fatty acids of linseed oil thus : K/Bf 
alcoholic potash is used for saponification. To prepare it 120 grammes 
of pure KHO are dissolved in their own i^eight of water, and th#' 
:.:ih:VOL*/L , 7 
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. solution made up to a litre with 96 per cent, alcohol thoroughly 
mixed by agitation, and filtered next day through glass wool or 
asbestos, or through strong filter paper. It is advisable to ascertain 
the proportion of the very pure commercial electrolytic potash lye, 
which contains over 70 volumes per cent. KHO, to be mixed with 
' 96 per cent, alcohol and filtered ne^^ day. A less quantity of lye 
will, of course, be used. Saponification is best effected in a porcelain 
basin of 100 c.c. capacity, the outside of which is unglazed, which > 
can be conveniently put on the plate of the balance scales; In 
another basin 2 to 3 grammes of linseed oil are weighed out, 10 c.c. 
of the above lye added and warmed •with constant stirring on the 
water-bath, eventually on the wire gauze, until the alcohol is com- 
pletely expelled. It is then made certain that complete saponifica- 
tion has taken place. The soap is completely dissolved in 50 c.c. 
warm water, and this solution transferred to a separating funnel. 
TVhen cold, 25 c.c. petroleum ether, completely volatile, at 75® C. 
(167® F.), is first added, then 10 c.c.' of 10 per cent. HCl, well 
agitated, and let stand till morning, when the acid aqueous solution 
is run off, and the petroleum ether solution brought on to a tared 
porcelain basin, which is best only half-filled. It is brought on to 
a gently boiling water-bath and the petroleum ether evaporated. 
When that is effected, the water-bath is brought to a strong boil and 
the basin left thereon for an hour. When the temperature of the 
bottom shows 90® C. it may safely be taken that the last trace of solvent 
has been evaporated. The basin is wiped with a soft towel, dried 
forthwith, and completely cooled, best on a metal under-surface, then 
weighed. Fahrion found 95 to 96 per cent, by this method, which 
is rather high, as the oxidation of the unsaturated fatty acids is in- 
complete. The Hehner value of the non-drying oils comes out high, 
hence it is to be regretted that only slight information is available 
as to the Hehner value of linseed oil. Lewkowitsch gave 95-5 as 
an average. 

After Mulder, thirty years elapsed without further progress on 
the above question. We have now to deal with so-called soluble 
driers, by which boiled oils may be made, in which the metallic 
content can be adjusted to a nicety. But, away back in 1895, Amsel 
declared that pure linseed oil dried in 3 days* with 5 per cent. 

drier ” ‘in 24 hours. Lippert rightly charged Amsel wi^h making 
a mistake, because pure linseed oil, in drying, varied with the sur- 
rounding circumstances, and also in the case of the drier the nature 
of its metallic content intervenes. He then made two solutions of 
precipitated manganese linoleate in turpentine, one with 9*9 grammes 
to the litre, the other with 2*8 grammes manganese to the litre, mixed 
25 c.c. linseed oil with 5 c.c. of the above solution and spread the 
boiled oil so obtained, which contained from 0‘014 to 0*049 per cent, 
manganese, on tin plates. The first dried in 24 hours, the second 
)in 48 hours. Weger therefore decided that the conclusion from * 
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this experiment was that within limits the more drier, the quicker 
the dry^g. There are, however, three things which imay happen : — 

1. The drying capacity rises proportionately with tjiie amount of 
drier. 

2. He gives a maximum capacity for each drier. 

3. On exceeding the maximtan the drying capacity lowers. i 

Mean Molecular Weight of the Mixed Fatty Acids of Linseed M. 

— Linseed oil fatty acids dissolve freely in alcohol. An alcoholic 
solution of these acids can therefore he titrated with standard soda 
and the mean molecular weight calculated from the result. If x be 
the molecular weight, then 1 Iftre contains x grammes of oil ; when, 


therefore, a grammes (or at the most three) uses b c.c. x 


1000 a 


Piles of acid numbers of the mixed fatty acids are given in the special 
0 literature. The titration results are calculated to milligrammes of 
KHO for i gramme of fat. 

The following formula shows the relationship between the two : — 

Molecular weight =» ^bOO 

acid number 

The molecular weight of linolenic acid is 278, that of linoleic acid 
280. The molecular weight of oleic acid is 282. Its presence in- 
creases the mean molecular weight ; again, the unsaponifiable, con- 
sisting of neutral bodies, with the solid fatty acids, palmitic 228 and 
myristic acids 256, lower the mean molecular weight. It will readily 
be seen that as the mean molecular weight of linseed oil fatty acids is 
between 275 and 280, its acid number must lie between 200 and 204, 
In practice, the acid number is greater than the mean molecular . 
weight. 


Tortelli and Pergami acid No. — 194’6; molecular weight «» 288*2 
Fahrion „ =193*2; „ „ «= 289*9 

Schestakoff . ,, — ; „ „ « 303 


As to the above figures it is to be noted that during heating of the 
linseed oil fatty acids a portion of the carboxyl groups is changed. 
Formation of acid anhydrides cannot occur ; they are formed below 
100® C. and are unstable in contact with water. The formation of 
lactones iji improbable, as oleic acid CigHg^Oa is only conveft’ted into 
etearo- lactone CigH 3402 by acting on it with powerful reagents, e.g. 
concentrated sulphuric acid or zinc chloride. Finally stearo-la^tone 
melts at 51® C., and undergoes no change on saponification ai^’oxy- 
«tearic acid is not present. However, neutral bodies are formed 
which lower the acid number by the saponification of the remainder 
of the original acid. The mean molecular weight is best determined 
as follows ; The fatty acid is treated with excess of alcoholic potash 
;and the excess determined. A normal solution is generally used 
>;which can be made by diluting a strong solution of its own volumi 



of alcohol. 

i. — iawy acia are warmea with n « 
of the alwve solution ; when cold, phenol phthaleih is added nn/l 
theMlution titrated back with normal HCl 

The strength of the alkaline solution is adiusted t,^ . w i, 
ment. The difference between both tests gives the 
>vhich, converted into mgs KHO ^ c t consumed, 

saponification number &mpa?erwS Z“a ^ «>e 

are identical but generally ' number the results 

weight of the inner half from the ^bove date 

weight^ 277 * 9 ^ saponification number 201 - 8 ; molecular 

wSt‘ E -ponificatibn number 202 . 5 ;’ roSular 




Sample 

No. 

1 Acid No. 

Saponification No. j 

Acid 

No. 

Mean Molecular 
Weight. 

Saponification 

No. 

Mean Molecular 
Weight. 

I- 

II. 

III. 

201-8 

194- 7 

195- 2 

278-0 

288-1 

287-4 

199-8 

199-8 

199-0 

280-9 

280- 7 

281- 9 


Lewkowitsch has apparently found 
for the mean molecular weight of the 
than for their saponification number 
absurd. 


in two instances higher results 
acid number of the fatty acids 
which on the face of it seems ■ 


nniS? reduces the acid 

air, another reaction supervenes wWch respite fiTst hi* 

:Zd’r:io;: ^ecremh: 

friSm thoairasmall amount of oxyadds fs n 

ihe question of another source of eLr due to t^A^. eomes 

lining weak acid grouns whil «»“- 

he reaction only orZidfica^T “o‘ enter into 

adlZJdghf 27^^^^^^^^ -rrSS^ ‘m^: 
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milligrammes oi KHO required to neutralise the mixed faity aoids 
from l*gramme of linseed oil. Naturally this figure is lower than 
ihe saponification number of linseed oil fatty acids by about 4 to 5, 
per cent., as linseed oil contains only 95 to 96 per cent, of fatty acids/ 
The saponification number of linseed oil may be determined quite 
similarly to that of the linseed*oil fatty acids, only gentle heating in 
this case is not used. About 3 grammes of oil are boiled with 25 c.c. 
of about normal alcoholic potash, until the solution is completely taken 
up and heating continued for 1 minute ; when cold the excess of alkali 
is titrated back with normal HCl. The dissociation of the soap must 
be guarded against, and the alcoholic strength of the solution should 
not sink below 50 per cent. ; when during boiling the alcohol becomes 
-dilute it must be strengthened by fresh alcohol. 


TABLE OP SAPONIFICATION VALUES OF MIXED PATTY ACIDS OP 
• LINSEED OIL COLLATED BY FAHRION. 


' 

Authority. 

- - 

Saiwniflcfttlon No. 

P Filsinger, Chem.-Ztg., 1894, 28, 1006 .... 
W.Thorner.Chem.-Ztg., 1894, 28, list . . . . 
H. Amael, Zeitschr. f, angew. Chem., 1895, ^ 76 . 

K. Henriquea, Zeitschr. f. angew. Chem., 1895, 8, 722 . * 

J. Lewkowitsch, Chem. Rev., 1898, 6, 29 . . . . ! 
Tortelli und Pergami, Chem. Rev., 1^2, 9, 182 

J. van Itallie, Pharni Wcokblad, 1908, 40, 106 . 

Tolman u. Munson, J. Amer. Chem. Soc., 1908, 26, 964 . 
C. Niegemann, Chem.-Ztg., 1904, 28, 97 . 

Thomson und Dunlop, Analyst, 1906, 31, 281 . 

American Committee 

187*8.192*8 

190 -192 

188 -190 

198-6.196-8 

192’»-194*3 

189*8 

192*9-198*6 

191*7 

107 -196 

191*4-192*8 

190*4-192*2 

TABLE SHOWING THE MELTING-POINT AND SOLIDIPYING-POINT 
OF THE MIXED PATTY ACIDS FROM LINSEED OIL. 

Authority. SoU,iili.,aUoi.-|K.int 

I 1 

i , i , . .... 

Melting-point 

' \llen . . . • . . . . i 17-6 

Hubl 1 13*8 

Lewkowitach 19-20*6 

liivache i 21 0 

De Negris and Fabris . . . , 16-17 

Thorner , . ' 13*6 

Tolman and Munson „ . . . | — 

24 

17 

28*0 

20-21 

17 

19 2 


The specific gravity of linseed oil fatty acids is not often deter^-l 
mined. Their melting-point being above 15® C. requires a high||| 
temperature. Their expansion coefficient is unknown, naturally 
correction figures fdr linseed oil do not apply to the fatty 
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Beoent researches have shown that the quite fresh fatty acids ar 
far more readily oxidised than linseed oil itself. 


Allen' 


Bearn 

0-9158. 

Archbutt 

= 0-8926. 

Thorner 

0-889. 



CHAPTER VII. 
the testing of EINSEED OIL. 

BeUrmination of Ito.in Oil and Mineral Oil ‘’^ Limced OU 

by the fluorescence of the sample), or or •• 

the presence of rosin oil (indicated by the 
high specific gravity of the sample and )y 
its fluorescence), or for the presdiice of both 
these hydrocarbide oils, are saponified with 
25 c.c. of alcoholic potash, 80 grammes 
of caustic potash to the litre of alcohol m 
a capacious porcelain basin, care being 
taken to apply heat very cautiously at first, 
as the mixture froths much and is apt to 

take fire. . . , , 

A perfectly clean flat copper plate should 

be kept ready to cover the top of the porce- 
lain basin to extinguish any such fire in- 
stantly. X u ^ 

When frothing has ceased a greater heat 

may be applied, but in bringing the soap to 
dryness at the end, care must be taken to 
avoid charring or overheating, which m^ht 
distil off some of the rosin oil, etc. The 
operation may be done very well on the 

n,.8and-bath with care. , , • u 

The resultant soap is dissolved in the 
basin in 50 c.c. of boiling water and trans- 
ferred to a separating funnel of about 200 
c.c. capacity, using about 20 to 30 c.c. of 
water for rinsing out the basin. 

cooling » C.C. •” "f Ti, “L,„eV.„d 11. confct. .ro 

Sdient which should be resojted to as bttle as possible, and aa 


Fio. 42.— Separating fun- * 
nel showing separatitn 
of the ethereal solution 
of rosin oil from the soap 
mode from linseed oil 
containing rosin oil. 

the solution and ether 



little alcohol as is absolutely necessary should be used. The soap 
solution is then run off through the stop-cock whilst the ethereah 
solution is tun into a separate flask. The soap solution is then 
returned to the funnel and again agitated with ether and the process 
repeated until the soap solution cedes no more rosin oil, etc., to the 
'ether. Three or four extractions as ^above may be necessary before 
the ether floats to the top as a colourless layer. The ethereal 
solutions are united and washed with a small amount of water to 
eliminate any dissolved soap or free alkali. The ether is distilled off 
on the water-bath and the residue dried and weighed. The soap 
solution is saturated with ether, and when ether is clear it may pay 
to recover it by distillation. In a works laboratory the greater part 
of the ether may be driven off by using several beakers of boiling 
water brought from the waste steam pipes, and if the laboratory 



Fig. 43. — Distillation apparatus. 


lights are all out there is no danger of explosion. Nine-tenths of 
laboratory explosions are ether explosions. (Ether vapour will 
explode or burn 12 feet away from its source, and the flame or 
explosion strike back to it.) 

Fig. 43 shows an apparatus fitted up for fractionally distilling an 
oil varnish by the aid of steam so as to carry over the unchanged turps 
,in the train of the steam. The volatile portion of the oil varnish is 
thus separated from the two other ingredients forming the fixed 
portion which cannot be distilled without decomposition ; these con- 
of (a) fused resin dissolved in (b) linseed oil, and drier, possibly 
fused linoleate, or a fused rosinate, or a mixture of both combined 
^?j?^ith either lead oxide or manganese oxide, or both. 

The Percentage of Spirits of Turpentim, and other Volatile Oils in 
^pinseed Oil, etc, — Benzene and other solvents, etc., spirits of turpeir- 
coal-tar benzene and its homologuea; shale naphtha and petro- 
[Sjum naphtha, shale spirit deodorised or otherwise, are readily detected 
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itt linseed oil, whether raw or boiled, and whether they be present i 
comparatively small or relatively large proportions, by their cha 
acterisfcic smells, which are accentuated by placing the 6il in a te 
tube or other vessel so as to half fill it, and then dipping the tul 
into boiling water after having corked it up. On releasing and r 
moving the cork the characterfktic odour of the individual volati 
solvent present will make itself felt. Moreover, the greatly dimii 
ished flash-point will also show substances of this nature, which ai 
also revealed by the low’ specific gravity if present in any quantit; 
To estimate the volatile oil quantitatively about 300 grammes ai 
heated by a bath of molten paraffin wax or by an air-bath to aboi 
ISO'’ C. in a flask capable of being connected wuth a vessel in whic 
steam is generated. It therefore has a cork fitted with an inlet tul 
reaching nearly to the bottom of the vessel B, a thermometer inserte 
fnto the oil, and a tube for leading the steam and the vapour of spirii 
of turpentine, etc., which it carries in its train to a Liebig’s condense 
The distillate C collected in the receiver B will consist of two layers, a 
upper one of spirits of turpentine, etc., floating on a layer of wate 
The former is separated from the latter by a separating funnel, an 
weighed or measured. The layer of condensed water retains trace 
of the volatile oil, but so small that it may very well be neglectec 
Mcllhiny found it to be about J'of 1 per cent. 

Petroleum spirit may, it is claimed, be separated from spirits ( 
turpentine by treating the mixture with fuming nitric acid. Petroleui 
spirit remains unattacked, hut spirits of turpentine is converted int 
substances which can be dissolved in water, and thus eliminated froi 
the mixture, leaving a residue of more or less pure petroleum spiri 
A measured amount of the distillate is run into 300 c.c. of fuming nitri 
acid (very slowly, drop by drop) contained in a 250 c.c, flask attache 
to a reflux condenser. As each drop of the oil falls on the fumin 
acid a very violent reaction ensues, and the flask should be immerse 
in cold water to keep it cool, and it should be agitated from time t 
time. When the whole of the volatile oil to be treated has bee 
added the flask is let stand until all action has ceased, when i1 
contents are run into a separating funnel (Fig. 42) and repeated! 
Isfsvashed with hot w^ter, which eliminates the products produced h 
^he interaction of the spirits of turpentine and the fuming nitric aci< 
^uch products being soluble in water. The residual petroleum spir 
is now measured and brought to per cent, by volume of the distillai 
and then to per cent, of the original oil. J^owever applicable th 
method may be to petroleum naphthas consisting of pure paraflinqi 
hydrocarbides, it is on the face of it wholly inapplicable to inte?’ ali 
‘ahale naphtha, largely consisting of members of the ethylenic serif 
hydrocarbides, the so-called “ olefiny,” all of which are readily a 
flaked by nitric acid. This is a yoim which seems to have been ui 
l^countably overlooked by those writers who recognise and quo! 

ab^ye method as an efficient jtie for separating petroleum spir 
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froni spirits of turpentine. It is very evident their knowledge is 
mere book knowledge, and poor at that ! 

Mr. PhiHips, late chemist to the Great Eastern Kailway, separated 
turps from linseed oil by distilling in an atmosphere of coal gas. But 
this method seems to the author to be open to several objections.. 
There is no saying whether any, aftd if so what, substances might 
not be dissolved from the coal gas by turps and carried forward in 
the train of its vapour. The determination of volatile substances in 
linseed oil has been made the subject of an inquiry by the U.S.. 
Bureau of Standards, and the author’s recommendation of the* 
Mcllhiny process in this treatise was quoted by the Bureau. 

Saponification Value or Koettstorfer Figure of Linseed Oil. — This- 
is defined as the number of milligrammes of caustic potash, KHO,. 
required to completely saponify 1 gramme (i.e. 1000 milligrammes) 
of linseed oil. Or, to use British units, it is the number of grains of 
caustic potash required to saponify 1000 gi’ains ; or, for that matter,, 
the number of tons of caustic potash required to saponify 1000 tons 
of oil. Divided by 10, the saponAcation number again gives the 
number of pounds of caustic potash required to saponify 100 lb. of oil.. 
It is really a very simple matter, but the use of foreign, if scientific, 
units (grammes per litre when lb. per 100 gallons has the same mean- 
ing and effect) tends to render it unintelligible to the non-scientific 
layman. 

Eeagents. — (1) Standard hydrochloric acid, the strength of which 
is expressed in terms of caustic potash, KHO. The semi-normal 
acid is the most suitable ; such an acid contains in every litre, that 
is, in every 1000 c.c., 18*25 grammes of anhydrous hydrochloric acid, 
HCl. The pure solution of hydrochloric acid is diluted by referring 
to the tables of density with distilled water until this strength is- 
reached; its exact strength may be determined by estimating its 
chlorine as chloride of silver, AgCl, The solution may also be 
standardised by titration with a known weight of pure, dry, freshly 
, ignited sodium carbonate, Na. 2 C 03 , every 106 grammes of which are 
equal to 112*2 grammes of caustic potash, KHO. The hydrochloric 
acid, to be perfectly semi-normal, should be so diluted that 0‘265- 
gramme of pure anhydrous sodium carbonate require 10 c.c. of the 
fluted acid for neutralisation. The exact strength of the standard, 
hydrochloric must always be known in terms of caustic potash, which, 
when exactly semi-normal, is 1 c.c. « 0*02805 KHO. 

Alcoholic Potash Solution,— This need not be of a very exact pre- 
letermined strength, but should approach, as far as practicable, the 
semi-normal, so that 1 c.c. of the alcoholic potash solution neutralises 
i c.c. of the semi-normal acid. To 1 litre of alcohol 30 to 40 grammes 
or caustic potash are added, or rather 75 c.c. of an aqueous solution 
of caustic potash of; 45® Baum6 or 90 c.c. of 36® Baurn^ are run into 
a litre of alcohol, and the whole allowed to stand and filtered through 
a ribbed filter, or decanted after clarifying into a bottle with a straight 
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; neck and corked with an india-rubber stopper, through a hole in whic 
a 25 c.c. f ipette passes, the end of which is closed by a piece of indii 
rubber tubing and a small clip. It is not advisable to prepare tc 
much of the solution as it is not stable. The alcohol should be tl 
purest obtainable (if methylated spirit be alone available it shoul 
be purified by redistilling it ovei^ soap). The alcohol should not h 
come brown, the colour of rum, or cod oil in the process. A yellowis 
tint does not interfere with the titmtion. 

Process , — From 1*5 to 2 grammes of the filtered or otherwis 
prepared oil are weighed exactly into a 150 to 200 c.c. flask, then ^ 
c.c. of the alcoholic potash solution measured out by the pipette, i 
the stopper of the bottle, are added. It is not necessary to rigidl 
measure out 25 c.c. exactly, but precisely the same quantity mui 
be taken for each experiment. After the contents of the pipett 
have drained it is better to grasp tightly the bulb of the pipette in tb 
palm of the ‘hand and ‘'squeeze,” as it were, the remainder of th 
liquid out of the pipette ; the heat of the hand expands the air insid 
the pipette, and the top aperture being closed by the finger, the e> 
pansioii of the air causes all the liquid, exceed the merest traces, t 
be forced out of the mouth of the pipette. A similar flask, with 2 
c.c. of alcoholic potash, is used as a blank experiment, and both fitte 
with reflux condensers are heated on the water-batli simultaneously fc 
half an hour, and afterwards cooled. Two to three drops of phono 
phthalein are then added to each flask, and the contents titrate 
with the semi-normal hydrochloric acid. The dilTenmce betwee 
the blank flask and that containing the oil is calculated into potash 
or, the volumes of alkaline solution added being equal, the differenc 
found is potash used up by the oil. 1 c.c. of acid «*» 0*02805 gramm 
of KHO, and this factor multiplied by the number of c.c. of acid cor 
sumed gives a number which, x 1000 — by the amount of oil taker 
gives the number of milligrammes of caustic potash consumed b 
1 gramme of oil, a*nd this figure is generally called the Koettstorfe 
figure or saponification value. 


equivalent weights op caustic and carbonated alkali. 


■: Potash Alkali.* 

Formula. , 

— -0- , 

Molecular | 
Weight. 

Equivalent 

Weight. 

Sida Alkali. 

‘li 1, 

Formula. ! S- 

- - - 

Qftustic potash . i 
Anhydrous potash | 
Potassium car - 1 
; bonate 

^ 1 

KHO 

KjO 

K^COa 

56-1 

94-2 

133-2 

112-2 

94-2 

138-2 

Caustic soda . j 

Anhydrous soda . 
Sodium carbonate i 
Soda crystals 

NallO i 40 8 

NojO 1 1)2 6 

Na^COj ! 100 10 

No^CO.-t-lOaqi 286 28 


i; :^The strength of commercial alkali is always expressed in pe 
!^nt. of anhydrous alkali, as in the second horizontal line; if th 



caustic potash be pure it contains 94*2 per cent., and knowing the 
saponification value of the oil and the percentage of anhydrous potast 
in the alkrfli being used, the calculation of the amount required tc 
saponify any given oil or rosin whose saponification value is knowr 
is a simple matter. 

Analytical Examples. — (1) Wh^e the acid and alkali are botl 
semi-normai, and (2) where neither are semi-normal. 

Example 1. — Linseed oil taken .... 1*75 grammes 
^ Normal alcoholic potash taken . 25 c.c. 

i „ acid used in back titration 13 c.c. 

12 c.c. 

Each c.c. semi-normal acid « 0*02805 gramme KHO. 

12 „ „ „ „ = 0*33660 

0*3366 gramme KHO x 1000 = 336*6 milligrammes ^KHO. 

=» 192*4 milligrammes ^HO. 

It therefore took 192*4 milligrammes of caustic potash to complete!; 
saponify 1 gramme of the linseed oil in question. 

Example 2. — Benedikt and Ulzer give the following example 
2*012 of oil were saponified with 25 c.c. of alcoholic potash and 9*6( 
■c.c. of standardised hydrochloric acid were used in back titration. 2. 
c.c. of the alcoholic potash =» 22*5 c.c. of the standard hydrochlori 
acid. Again 1 c.c. of the standard hydrochloric acid = 0*0301 gramm 
caustic potash, KHO, There was used in saponification of the oi 
therefore, an amount of caustic potash equal to 22*5 - 9*65 = 12*8 
c.c. of test acid, hence 12*85 x 0*0301 gramme x 1000 — 386*8 milli 
grammes, — 2*012 grammes, amount of oil taken, = 192*24 milli 
grammes for 1 gramme of oil. The oil tested therefore had th 
saponification value of 192*24. 

The saponification value of linseed oil is higher than that of mos 
oils, but it can only be regarded as affording an indication of puritj 
Even a comparatively high saponification value is no guarantee tha 
the oil is not adulterated with non-drying oils which approach it ver; 
closely in this respect ; neither is it a guarantee that unsapohifiabl 
■substances, such as hydrocarbide oils, are absent. The only way t 
•determine the absence or presence of these is to actually separat 
I them out (and weigh them) by the saponification process first intro 
duced by Thomson, and afterwards elaborated by Allen, which coh 
sists in first saponifying the oil and then extracting the hydrocarbide 
•oils from the aqueous solution of the resultant soap by ether (see 
pp. 103-104). 

When the saponification number is as low as from 180 to 185, thea^l 
adulteration with rosin oil or mineral oil is to be strongly suspectedfi ; 
*and when it falls lower than 175 their presence is certain (Wegerjj^J 
It may fairly be demanded of a raw oil that its figure shall 



Ibwer thAu 187 and of a boiled oil not lower than 186 (Molihiny). 
The high temperature used in the old-fashioned process of oil-boiling 
reduced the saponification value much greater than the much lower 
temperature now used with modern processes, in which readily soluble 
^ers, rosinates, and linoleates are used. The amount of metal 
ptroduced into the oil in the form of a metallic rosinate or linoleate 
p so small as not to produce any very appreciable effect on the saponifi- 
[cation value, and some of the boiled oils now in the market have 
lalmost as high a saponification number as that of the raw oil. 

I The Ester Number of Linseed Oil . — It is the difference between 
^the acid number and the saponification number. The two former 
therefore added together give the saponification number. The 
estimation of glycerine may be dealt with here. One molecule of 
glycerine (molecular weight « 92) combines with 3 molecules of fatty 
• j r 1 acid number x 92 . • 


atjids, so the formula 


gives the amount of glycerine 


in 1 gramme of oil. Hence the ester value shows' the percentage of 
glycerine in linseed oil as 5'5 per-cent. If we take 191 as the mean 
saponification number, the acid number as 3, then the moan ester 
^ number is 188 and the mean glycerine content as 10’ 4 per cent. 

[ Iodine and Bromine Value of Linseed Oil . — Linseed oil con- 
‘ sists largely of unsaturated glycerides, the fatty acids of which com- 
bine by direct addition with 2, 4, or 6 atoms of bromine or iodine. 
Rosin, rosin oil, and mineral oil do so only to a slight extent, and,, 
menhaden oil excepted, no other adulterant to as great an extent as 
linseed oil itself. Direct halogen addition is not the only action ; 
there is another in which one-half of the halogen combines with the 
oil and the other half combines with hydrogen, which the first half 


of the halogen has displaced from the oil. The halogen has formed 
a substitution compound with the oil. If the hydrogen of glycerides 
can be but very sparingly replaced by bromine or iodine, it is not so 
with rosin, rosin oil, and mineral oils. In fact though rosin and 
rosin oil absorb large amounts of bromine they do so by substitution 
and not by direct addition, and with American petroleum oils sub- 
stitution compounds bulk largely in the absorption. 

The halogen absorption of oils is generally determined by Hubl’a 
«r method. It*affords valuable data as to purity of any sampla 
'of linseed oii. But it does not differentiate between absorpfion by 
(1) addition and (2) substitution. It fails to discriminate between 
Jrosin and linseed oil, the absorption figures of both linseed oil and 
^rosin being somewhat close. 

Reagents. — (1) Iodine Solution . — Dissolve 25 grammes of pure 
?^ine in 500 c.c. of 95 per cent, alcohol. Dissolve 30 grammes of 
^’tperouric chloride corrosive sublimate in 500 c.c. of 95 per cent, 
^tdcghol. The last solution, if necessary, is filtered, and then the two 
laOflutions mixed. The mixed solution should be allowed to stand 
g^hours before using. Iodine chloride is formed according to the 
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i^ollowing equation : 41 + HgCl 2 « Hgig + 2IC1. The latter cal- 
■culated to iodine absorption per cent, of the oil or fatty acid gives 
the iodine tiumber. (2) Decinormal Hyposulphite of Sodium Solu- 
tion. — Take 24*6 grammes of chemically pure hyposulphite of soda 
ireshly pulverised as finely as possible and dried between filter or 
blotting paper. Make this up to *1000 c.c. at the temperature at 
which the titrations are to be made. (3) Starch Paste. — 1 gramme 
of starch boiled in 200 c.c. of distilled water for 10 minutes and 
cooled to room temperature. (4) Solution of Iodide of Potassium . — 
100 grammes of iodide of potassium dissolved in water and made up 
to 1 litre. (5) Solution of Bichromate of Potassium. — Dissolve 3-8657 
grammes of chemically pure bichromate of potassium in distilled 
water, and make the volume up to 1 litre at temperature at which 
titrations are to be made. (6) Chloroform. — This should be pure and 
should not affect titration results of iodine solution after 3 hours’ 
standing. o 

Ma^iipulation — Standardising the Sodium Thiosulphate Solution, 
— Eun 20 c.c. of the potassium biclfromate solution to which has been 
added 10 c.c. of the solution of potassium iodide into a glass-stoppered 
flask. Add to this 5 c.c. of strong hydrochloric acid. Allow the 
solution of sodium thiosulphate to flow slowly into the flask until the 
yellow colour of the liquid has almost disappeared. Add a few drops 
of the starch paste and with constant shaking continue to add the 
«odium thiosulphate solution until the blue colour just disappears. 
The number of cubic centimetres of thiosulphate solution used multi- 
plied by 5 is equivalent to 1 gramme of iodine. Example. — 20 c.c. 
K.jCrgOy solution required 16-2 c.c, of sodium thiosulphate; then 
16-2 X 5 = 81, which is the number of cubic centimetres of thio- 
sulphate solution equivalent to 1 gramme of iodine. Then 1 c.c. thio- 
sulphate solution = 0'0124 gramme of iodine. Theory for decinormal 
solution of sodium salt: 1 c.c. =* 0-0127 gramme of iodine. A. Weighing 
the Sample. — About 0-15 to 0-18 gramme of oil is to be weighed in a 
glass-stoppered flask holding about 500 to 800 c.c. B. Absorption of 
Iodine. — The oil in the flask is dissolved in 10 c.c. of chloroform. 
After complete solution 30 c.c. of the iodine-mercuric chloride solu- 
tion is added from a pipette. The chloroform and iodine should give 
clear solution ; if not, more of the former must be run in for that 
purpose, and 25 c.c. more iodine if the colour be discharged, as an ex- 
cess is necessary. After 2 hours the deep brown colour must still 
be persistent. The flask is now placed in a dark place and allowed to 
stand, with occasional shaking, for another 2 hours. G. Titration 
of the Unabsorbed Iodine, — 300 to 500 c.c. of distilled water is added 
to the contents of the flask, together with 20 c.c. of the potassium iodide 
solution. Any iodine which may be noticed upon the stopper of the 
flask should be washed back into the flask with the potassium ioflide ' - 
xsolution. Any red precipitate of mercury iodide would indicate an . 
Jnsufficiency of potassium iodide which has to be remedied by adding 
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[ore. The excess of iodine is now taken up with the standardised ;/ 

I lium thiosulphate solution, which is run in gradually through a/ 
rette, with constant shaking, until the yellow colour of ♦he solution 
8 almost disappeared. A few drops of starch paste are then added 
d the titration continued until the blue colour has entirely disap- 
ared. Towards the end of the neaction the flask should be stoppered 
d violently shaken, so that any iodine remaining in solution in the ^ 
loroform may be taken up by the potassium iodide solution in the 
iratei*. A sufficient quantity of sodium thiosulphate solution should 
►e added to prevent a reappearance of any blue colour in the flask 
or five minutes. D. Control ESrperiments . — At the time of adding 
he iodine solution to the oil two blank flasks of the same size and 
lature as those used for the determination should be employed for 
conducting the operation described above without the presence of any 
)^1. The difference between the mean of the results obtained by the 

:ODINE FIGURE, OR RATE OP ABSORPTION OF IODINE PER CENT. 
OF RAW LINSEED OIL. 


lotline Figure. 

Observer. 

Iodine Figure. 

Observer. 

171-175 1 

Lowkowitsch. 

178-5-187-7 

Tliomson & Ballantyuo. 

i 170-181 1 

Honedikt. 

171-179 

Shukoff. 

178-196 

Ulzor. 

176-3 ) 

Wijs, by his lodino 

171-190 j 

Uoldc. 

201-8 ) 

Chloride Method. 

IODINE VALUE OF FATTY ACIDS OF RAW LINSEED OIL. 




~ 

- ■■ - - - 

Iodine Value. 

Observer. 

Iodine Value. 

Observer. 

178-5 

Williams. 

159-186 

De Negri and Pabris. 

179-182 

Lewkowitsch. 

179-192 

Holde. 


IODINE ABSORPTION PER CENT. OF VARIOUS OILS. 


OiV 

Mini- 1 
mum. ! 

Maxi- 

mum. 

• 

Average. 

Oil. 

Miui- 

inum. 

Maxi- 

mum. 

Average. 

Candle-nut 

^36-3 

163-7 

150 

Walnut 

143 

152 

• 

150 

Beech-nub . 

102 

112 

108-109 

Olive . 

79 

88 

82-83 

Cotton -seed 

102 

111-2 

106 

Palm 

51 

52-4 

51-5 

Butter 

26 

35 

38 

Castor 

82 

85-9 

84-5 

Coco nut . 

8 

9-36 

8-5 

Beef-tallow 

35-5 

44 

89 

Cod-liver . 

123 

166 

144-148 

Seal . 

96-5 

152-4 

128 

Earth-nut . 

87-3 ' 

103 

94-96 

Rape . 

98 

104 

100-101 

Hemp-seed 

140-5 

166 

160 * 

Sesame 

103 

112 

108-109 

Hazel-nut . 

83*2 

86-9 

84-8 

Sunflower . 

122 

134 

128 

Bone-fat 

46 

65 

49 

Sperm 

81-3 

84 

82-5 

Liftseed 

170 

195 

178 

Grape-seed 

94 

99 

96-6 

' ' Poppy-seed 

184 

143-3 

138 

Whale 

, 1-0-9 

130 

110 





Wood 

i 149-7 

105-7 

160 , 
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VALCE and other “ CONSTANTS ” OF DIFFERENT BRAND^ 
OF RAW LINSEED OIL. (LEWKOWITSCH ) BRANDS 


Linseed Oil from 


Finest Calcutta linseed, two months 

old 

Finest Calcutta linseed, three years 
old, kept throughout that period in 
an airtight vessel, shielded against 

Finest Petrograd linseed, three 

months old 

Finest Petrograd linseed, seven 
months old . . . 

Baltic linseed, commercial ; the seeds 
contained an admixture of mvison 
and camelina seeds .... 
Finest and purest Baltic linseed; the 
sample was kept away from light 
for tliirteen years .... 


o 

S 2 II 
Ei^l 

Acid No. 

Saponification i 

Value. j 

Iodine No. | 

Unsaponiiable 
Matter, per Cent. 

Oxidised Acids, ! 
per Cent. j 

t 


j 



0*9316 

1*3 

193*2 j 170*46 

0*6 

0*66 

0*9324 

1*3 

i 

1 

192*5 ! 174*03 

0*7 

0*70 

0*9334 

1*3 

192*2 177*25; 

1*1 

0*88 

5*9845 

1*3 

198*1 j 176*23 

0-98 

0*66 

0*9843 

1*3 

194*3 ! 170*05 

1*1 

0*78 

0*9410 I 

7*2 

1 

195*2 ' 175*84 

11 j 

1*96 


IODINE ABSORPTION PER CENT. OF LINSEED OIL 
FATTY ACIDS. 


AND 



j 

Iodine Absorption of the 
Linseed Oils. 

lofiine Absorption of the Linseed 
Oil Fatty Acids. 

Calculated. 

Found. 

Fahrion . 

Holde 

Thomer . 

Williams . 

181*3 

171-190 

177-178 

183-lr8 

190*4 

178-200 

18M87 

190-198 

181*4 

179-182 

156 

178*5 


Wank experiments and that on the oil corresponds to iodine used 

gives, iodine figure 

2 ! r ■ oil often approaches that of the. 

aw oil, especially, with a rosinate or linoleate drier. 


Example 

Weighed out . . , 

Required for blank experiment 
Required for actual test 
Therefore iodine absorbed 


156 mgs. linseed oil, 

47’20 c.c. thiosulphate solution. 
23*86 c.c. 


. • . . 23*36 C.C. 

Strength of thiosulphate solution 0*01176 mg. L ner c c 
^-86 X 0*01176 X 100 «»g* I>er c.c. 

; » 


* 177 per cent. 
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Wijs' Modification of Determining Iodine Absorption of Oils . — 
Thirteen grammes of iodine are dissolved in 1 litre of glauial acetic 
acid on thei»water-bath, and, after cooling, chlorine is passed through 
the solution until its titration strength is doubled, a rather sharp 
alteration in the colour indicating the point. In conducting the 
analysis from 10 to 20 drops of th» oil are carefully weighed into a 
wide-mouthed stoppered bottle, pure chloroform or carbon tetra- 
chloride is added, and when oil is dissolved 25 c.c. of the Wijs’ 
solution. After standing for 15 minutes potassium iodide solution is 
further added, and the volume made up to 150 c.c. with water. It 
is then titrated with thiosulphate nn the usual manner, including 
blank experiment. The Wijs’ method agrees somewhat closely with 
the Hiibl, but the former gives rather higher results. Harvey found 
with rape oil (Hubl’s method) 101-6 and 104-9. Cod oil seems to give 
as much as 7 or 8 per cent, higher by the Wijs’ method than by 
Hilbl’s. The advantages of the Wijs’ process are rapidity (earth-nut 
absorbs 98*9 per cent, of its full quantity in one minute), stability of 
solution, and quick and accurate Asults. The previous table gives 
Wijs’ results with raw linseed oils of dilferent origin. 

Wijs tried to show that the density of the oil and the iodine 
number were correlated as shown by above table. 

Mcllhinfs Bromine Absorption Method. — About 0-2 gramme 
of the linseed oil to be tested is placed in a glass-stoppered bottle, 10 
c.c. of carbon tetrachloride added to dissolve the oil, and then 20 c.c, 
of third normal bromine in carbon tetrachloride run in from a pipette. 
Another pipetteful is run into another similar bottle. It is convenient, 
but not absolutely necessary, that both bottles should now be cooled by 
immersing them in cracked ice. This causes the formation of a partial 
vacuum in the bottle. The bromine need not be allowed to react with 
the oil for more than a few minutes, as the reaction between them is 
nearly instantaneous. Twenty-five c.c. of a neutral 10 per cent, solu- 
tion of potassium iodide is introduced into each bottle by slipping a 
piece of rubber tubing of suitable size over the lip of the bottle, pour- 
ing the iodine solution into the well thus formed, and shifting the 
stopper slightly so as to allow the solution to be sucked into the 
bottle, or, if the bottle has not been cooled, to cause the air as it 
^escapes from the interior to be washed by Bubbling through the 
potassium iodide solution. This prevents the loss of any bromine or 
hydrobromic acid. The iodide solution introduced, the bottle is 
shaken, and set in ice for a couple of minutes more, so that there 
may be no loss when the stopper is opened, due to slight pressure 
inside the bottle. The solution reaction causes heat and pressure. 
The free iodine is now titrated with tenth-normal sodium thiosul-, 
phate, using as little starch as possible as indicator. At the end of 
this titration 5 c.c. of a neutral 20 per cent, solution of potassipm ^ 

iodide and a little more starch solution are added, the iodine liberated;.' 

*■ 
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account of the hydrobromio acid produced in the original aoUon of 
Dmine on the oil. and titrated with thiosulphate, h rom the figures 
obtained, the total percentage of bromine which has n.saweared 
loalculated, and the percentage of bromine found as hydrobromio 


Iixliiie Number. 


I 


>200 
11)5- 1 to 200 
l'JO-1 „ 105 
1H5-1 „ 100 
180-1 ,, 185 
< 1 80*1 


Number of 
Samples. 


Density 


15* 


0*0852 

0-0830 

0*0820 

()-08‘22 

0*0317 

00310 


\Br.E SHOWING THE GREAT VARIATIONS IN THE IODINE NDMBFdl 

'"^ormEFEUENT SAMPLES OV 

FERENT observers and as DB^TEHMINED by DIllLRLNT 

T^IETUODS. 


Authority. 


American 
Committee 
Fahrion 
Filsingcr 
Gill and 
Ijamb 
Holde 


Hunt 


Kt 1 and 
Anlusch 
Kitt . 

Lettenmayer 

Le'wkowitsch 


Iodine Numbers, ami 
Process Used. 


188*0-186-4 Hanua. 
171-183 H. ovll.W. 
178*1-185*3 „ 


178-180 

171-180 

171 190 

174*8 

177-3 

174-5 


Wijs. 

Hanus. 


181-187 H. orH. W, 
174-3-175-3 
171*9-177*7 Hamm. 
183*8-193*3 H. or H. W, 
170*5-177*8 
173-193 Wi]s. 


Authority. 


Mai-ftusBou . 

IiIaHtbaum . 
Niegema»m . 
ShukofI 
Sgollema 

Thomson and 
Ballantyno 
Thompson 
and Dunlop 
Do Vries 

Wijs . 


Williams 


Imilue NumherK, and 
l^rcv^e.HS Used. 


(174-8 n. or H. W. 
1192-5 Wijs. 

178-1H8 H. orH. W. 
100-4-180-6 
171-170 
] 164-0-186 
1 177-0-108-1 Wijs. 

173*5-187-7 H.or H. W, 

185-5-206-4 Wijs. 
183-6-204-0 
/ 180-9 U. or H. W. 

1 182-2 Wijs. 

177-0 H. or H. W. 
178*1 Wijs. 

182*2-201*8 Wijs. 
183-188 Wijs. • 


^»cid called the “bromine substitution figure,” is also calculated 

Se ZL these two the “bromine 
.^subtracting twice the bromine substitution figure from the total 

2 bromine absorption — 



iim 




18 present. If the bromine suostitution figure is normal the absence 
If an oil contains rosin, rosin oil, or mineral oil, the fact fs brought 
out, and an indication given by the figures so obtained as to which one 
of more than a very small quantity of turpentine, benzine, rosin, or' 
rosin oil is assured. The process can be carried out in the time neces- 
titrations, as^the standard solution, unlike the 
Hubl solution, does not deteriorate on keeping if tightly closed, so that 
It is always ready for immediate use, and there is no waiting for some 
hours for the reagents to act upon the oil, as in the Hubl process, the 
reaction taking place immediately. ^ The bromine additiom figure of 
linseed oil lies ordinarily between 100 and 110. Age lowers the 
halogen figures of linseed oil. A low “ addition figure " may also be 
caused by rosin, rosin oil, benzine or mineral oils, which have figures 
usually below 15 ; by the presence of some other seed oil, the com- 
monest of this class being corn and cotton-seed oils, having figures in 
the neighbourhood of 73 and 63 respectively ; or by the oil, in case 
It IS a boiled oil, having been boiled in the old-fashioned way at a 
high ^®^P®[ature. If the “addition figure" is very much higher, 
than no, It will be found that the oil contains turpentine, as all 
other foreign mateiials added have lower figures than linseed oil. 

he “ bromine substitution figure " of genuine linseed oil is about 3 
A much higher figure would point to turpentine, rosin, or rosin oif 
w ich give figures from 20 to 90 ; to the presence of some petroleum 
product, as benzine, having a figure in the neighbourhood of 15, or a 
heavier petroleum oil, which may have as low a figure as linseed, or 
may be much higher; or to the presence of mineral acid in the oil, 
which may be allowed for by a separate determination of its amount! 
as described under the determination of the “ acid figure ". 

Both the Hubl and the “ bromine addition figures"’” are practically 
the same for boiled oil as now made as for raw oil. Boiled oil made 
y the old process at a high temperature distinctly lower figures on 
account of the effects of the great heat upon the oil. The amount of 
bromine equivalent to the iodine absorbed as expressed by the Hiibl ' 
ngure has been calculated, and by dividing this result by the “ bromine 
addition figure,” a figure obtained for each oil which is intended to 
^express, by the amount it exceeds 1000, the amount of substitution 
of lodme which has gone on in the Hubl iodine absorption. For 
example, if the figure obtained for an oil by' the calculation described 
18 found to be 1-075, it indicates that the Hubl figure is in that case' 
7-5 ^r cent, higher than the true iodine figure, which should express 
the iodine absorption by addition. The “bromine addition figure ” 

IS not sensibly affected by the time the oil is allowed to remain in, 
oontMt with bromine, but the “ bromine substitution figure " probably 
18 . Ihe difference between five minutes' and thirty minutes’ contact, 
however, does not appear to be marked, unless the substitution figuhs'^’ 

IS very high, as pure rosin or turpentine. 




I calefying out either the iliibi or the bit)mme process upon oils 
necessary that an excess of iocline or bromine shoi^^ be used 
inting to as much as the oil absorbs. Many iodine figures on 
d are too low because this precaution was not attended to. More 
nation is to be obtained as t<jthe character of a sample of linseed 
^.determining the bromine ligures than by any other single test, 
e case of an oil of unknown character, it would in most cases 1)6 
able first to apply this tost to it (Mcllhiny). 

[cllhiny found for a raw linseed oil the iodine value of 1H4’2 by 

i bl’s method and a total bromine absorption of which number 

eed closely with that calculated from the iodine number IIG'5. 
Mcllhiny’s method involves the use of ice for cooling purposes 
\d that is a drawback w^hich has militated against its adoption. W. 
ikubel claims to have given the method a more handy form. The 
I is dissolved in chloroform or carbon disulphide and agitated with 
jk aqueous * solution of potassium perbromate, KBrO^ and KBr. 
[stead of thiosulphate sodium sulphite is used to estimate the exc(?8H 
bromine. If the bromate solution is not used in excess but the 
letic acid solution of the fat titratwl direct by IICl and K Br, a portion 
the double bond remains intact. Linseed oil gav(} a piimary 
'omine number of 75*5 to BO and a secondary bromine number of 
)7’7, fiom which the iodine absorption number of 170*7 is calculated. 


Thk Pkrcentaoe of iNKOLuiUiK Bromink Dkhivativks. The 
IlKXAnUOMlDK NuMUKR. 

This determination was proposed by Hehner and Mitchell 
Analyst,” Dec., 1898, vol. xxiii., p. 310). It depends upon the 
,ct that linseed oil, when dissolved in ether and treated with bromine, 
ves direct bromination compounds of glycerides and bromine which 
insoluble in the ether, while oil containing glycerides of oleic 
acid only, and even semi-drying oils like cotton-seed and corn oils, 
give soluble compounds. 1 to 2 grammes of the oil are dissolved 
in 40 c.c. -ether, and acetic acid added in a closed flask, cooled to 
-5“ C., and bromine added drop by drop until the red coloration 
becomes permanent. After standing for 3 hours the insoluble 
bromine der*vative is filtered through asbestos, washed with 5 c.c, 
pf acetic acid alcohol and ether, and dried on the water-bath until 
of constant weight. The fresh hexabromide number of linseed oil 
'^varies generally between 20 and 26, but higher results have been 
I'Obtained : — 

Hehner and Mitchell 2.S*8o to 25‘8 

Walker and Warburton 23*1 „ 28’62 

Lewkowitach, 1864 . . ' . . . • 24*17 

^1904 37*72 
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Hehner and Mitchell obtain the following percentages of, insoluble 
bromine cqpripounds from different oils: — 

Per Cent. 

Linnood oil 

. 23*86 to 25*8 

Poppy oil 

0*0 

Com oil < . 

0*0 

Cotton-«eed oil 

0*0 

Olive oil 

0*0 

Almond oil 

0*0 

Rape-Moed oil 

0-0 

Whale oil 

26*0 

Cod oil ' . 

34*5 

Cod-liver oil 

42*9 

Shark oil . 

22-0 


The process, which seems to be a valuable one, detecting adultera- 
tions of linseed oil with other seed oils, has been satisfactorily reported 
on by McTlhiny. Two samples of raw linseed, six samples of boiled 
linseed, two of corn, and one of co^tton-seed oil, tested by him, gave 
results agreeing substantially with' those of Hehner and Mitchell. 
Two samples of mineral oil, one light and one heavy, one sample 
of tosin oil, and one sample of turpentine failed to give any precipi- 
tate of insoluble bromine derivatives. 

Maamend'H Thermal Test. -l. The sulphuric acid to be used in this 
experiment should be pure, of specific gravity 1*845, and should be 
kept in a well-stoppered and capped bottle. The stopper should not 
be left out a moment longer than that required to extract the neces- 
sary quantity. Plave the acid in a bottle 6 inches high . with a 
thermometer inside. 

2. Counterbalance a glass tube, on foot, standing heat (about 
H inches in diameter and 7 ounces capacity), and weigh in accu- 
rately 50 grammes of the oil. 

5. Immerse both the sulphuric acid and the tube containing the 
oil in water contained in a tin vessel 5 inches deep, 2 quarts capacity, 
and apply heat As soon as both the acid and the oil are at a tem- 
peiatuie of 20 C., draw out 10 c.c. of the acid with a pipette and let 
it liow gradually at the rate of 1 c.c. every 5 seconds into the oil, 
without touching the sides, stirring very energetically all the time 
with tjie thermometer. After all the acid is in continue to stir 
exactly for half a minute, then move the thermometer more slowly, 
noting the exact degree at which it ceases to rise. 

A puie sample of oil should be tested in the same manner pre- 
cisely. immediately before the suspected article. No two pe,rsons, 
unless actually working side by side, will ever get absolutely identical 
figures, and rarely then. So delicate is the rise of temperature that 
the same operator must needs be careful to obtain constant figures 6n 
repeating the experiment on the same oil. It is customary to record 
results expressing the nett rise of temperature thus: Let total 
temperature rise be 130" C., initial temperature 20" C. Then 130’ 0/ 
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f 20» C.,- 110° 0.. which would be about the MaumenS number for 

inuine «w figh oik the reaction ft onorgotio. 

^ J being given off, whilst the mixture assumes a gluey 

t,undant Je g g ^ „( j^^eat 

Morerer not at all easy to obtain satisfactory read- 
ifhculty. ; .V go as the latter has to l>e used to 

ags of the t ermo advisable to mix linseed, etc., oik m 

“Un'pirtiU^ilh .« oil 

.etion, such as petroleum mineral oil alone with 

i*. — • 

inseed oil has affected the latter. 

MAUMEKfrS TEST, llESUETS WITH TYPICAL OILS. 


Oil. 

1 

1 Maurneiip. 

.Bfiyues 

i 

Anltbutt. j 

i 

i 

Linseed 

: 103 

38 

101 

104-124 


Heinp-beod . 



— ! 

Walnut 

74 


80-88 i 

Poppy-fioed . 

82 

i ' i 

Niger-seed . 




Bunflower 




1 — 

Soja-bean . • 


S4 

70 1 

Cotton-seed (cnule) 


77 

1 75-70 1 

(retified) 

42 

40 

! 41-45 1 

Olivo . 



! 42 1 

DolpViin 



1 123-128 

Monhttdeu . 

102-103 

110 


Cod liver 




Whale (Arctif) . 



i i 

,, (AntarclK ) 

Seal . 


— 



i m \n 


HI 


74-75 

41-43 

11-47 

12 (> 

113 

‘»1 

32 


I>® Negri 

ainl Kftbrisf. 


122-120 

3f>-'J3 

30 

H7-Hrt'5 

72-75 

117 


32-37 


"specijk Temperature Ucaclwn 

rise of temponiture obtained producisl by 

of sulphuric acid, divided y - * samo sulphuric acid, 

,r„t.'irrr.irrd:;r:,».oon^ 

, » „A .Lo*«™cifio temperature reaction. 
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j^lUo . 

^ 1 East Indian . 

Thomson and j 
Ballantyne 

849 

1 820 

lUver Plate . 

Thomson and 
Ballantyne 
Jenkins 

i 820 

j 318 
— — 1 
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i-e- the 

Marsden arfd Do/er descnbe^tL°in sulphuric acid, 

the heat of dilution of t^ suinhn 

method of standardisinff the aim employed by them and the 

tube used as a ca o 2 r ^ 

are given in a taWrratnlJ^ 

acid containing 95- 10 per ceL 'of 7f°SO* ^ Th 

specie beats of^'oils, ^ 

tween d'rybg I'nd nln-'drying on7 ‘^'ffe''e'’t>ating be- 

applied according to Pomet's origi^lTi'rZctionf '"Thr''“‘"' 
to apply the test is as follows- A A„.,>nl , -^ , 

measure. (3) Morcurv i Ih swan-neck imn nf 

(4) Class rUsro “d dit on en“d‘™''i'T’J^;’ 

(5) Glass flask, 30 ounces B P/ / ‘he other. 

Weigh out in any suitable ^ ^olution- 

60 grammes of metallic mercury ”■ small beaker, 

place the latter in a vessel of ws/o ^ ^ “spscious flask; 

draught; then add carefully and gmdullly '’^'1°^’ T "V^ 
grammes of nitric acid giauuaiij, a little at a time, 75 

the flask well imme.sed 'irtb! '^"'"ddell). Keep 

are partially retained by the soln'^n ** *i the fumes, which 

piple. Transfer to a welf-st^e e'd C “‘^ig prin- 

with date, as it does not keep " vely io!ig*' 

■n.«irsss;r“ s S's,f i""'--”' 

Jirect to a wellditting stoppered ^ 

Materials the stopper is tichtW fiTod ■ ii addition of the 
"fith occasional shaking in lee-o Id ’ tied over, and immersed 

when the solution is ready for um "work^^'iv ceasedi 

istic green solution is obtained and if ke.^ ‘h'® way a character- 
presenied for upwards of two yUrs or more “ ^ ^ 

of the above sZti'oT "prom rsTn ‘““t' ^ “inims 

minims of oil on to the ton of measure run in 100 

inoorpomte the mercury sS^^n and Sr ^''°^°“«hly 

With a small glass rod, dubbed out at the d^n *{'"‘‘.“6 continuously 

against a slab of slate, stone etc ^Rew ’ft pressing it 

sample of pure olive oil and with oli» VI® * known 

with 6 per cent., 10 per ^nt 15 r^r ^ T respectively, 



live oil, gives a canary-coloured hard mass which can be lifted 
pmpletely out of the test glass by the glass rod absolutely intact, 
fnd while still adhering thereto if it be struck against the test glass 
\ emits a metallic resonant sound or musical note. Most writers 
efer only to the time which oils take to solidify under the action 
)f this reagent. The author prefers, as the i*esiilt of prolonged ex- 
)reience in the testing of olive oil, to take the ultimate ha»*dness and 
tolour after a reasonable time, say, 5 p.m. to 9 a.m., as the standard 
o go by ; and the results have never been called in question. It 
vould be well if innovating analysts would test the original process 
horoughly before modifying it for the mere sake of the vainglory 
)f adding one more useless modification to numerous others, routet’s 
process was perfect before he enunciaUKl it. The iunovaiors have 
)nly brought an excellent method into disrepute. They havt^ never 
hiken the trouble to test the oi iginal method hut have acted oti the 
itterly unsound priticiple that because a method is au old njothod 
ts results must be false, and their own methods with a trace of 
aovelty are perforce the only true ones ; but therein lies degeneration. 



CHAPTKR VIII. 


THE PHYSICAL PROPERTIES OP LINSEED OIL. 

Thk Dktkction of Adulteration in Linseed and other Drying 
O n.H iJY Ohoanoleptic and Physical Methods. 

A. Organoleptic properties of linseed oil, (I) smell, (2) taste, (3> 
colour. 

1. Afiseftsimj the Value of a Sample of Haw and Boiled Linseed 
Oil by SmelL—i^o characteristic is ihe smell of raw linseed oil that 
it is almost impossible to add any oil to linseed oil which has got 
a pronounced odour without that odour being almost as pronounced 
in the raw oil to which it is added as it is in the original adulterant. 
Kosin oil and fish oils make themselves felt in linseed oil by their 
characteristic and powerful odours. The trade is told that linseed oil 
itself develops a fish oil smell as it oxidises. But it may safely be 
said it does not do so under normal conditions. Under abnormal 
conditions it may develop a sort of putrefactive fermentation as when 
scrim is stored in badly corked bottles. Scrim is an unfinished re- 
action, and no one in his senses would apply an unfinished product to 
perform by itself alone the functions of a finished product. He would 
be a still more foolish person that would make any deductions what- 
ever from this unfinished unstable product and apply them to 
thoroughly dried paint films. What have thoroughly dried paint 
films to do with half-dried oil skins? There is no analogy between 
scrim and the linoxyn of a real dry paint film. Pish oil is perhaps not 
so readily revealed by its smell in boiled oil, but it manifests itself 
even then when energetically rubbed between the palms of the hands, 
<as if ope wore making a lather, and then applied to the nostrils. 
The characteristic smell of burning rosin is developed Vfhen the oil 
is burned, if it should contain either rosin or rosin oil. The smell of 
the pure genuine oil is very characteristic, especially when newly 
pressed ; it then has a bland, mucilaginous, appetising odour, forms 
the very best and most palatable and most wholesome of edible oils, 
but this odour gives place as the oil ages to a somewhat rank, but not 
unpleasant, though still characteristic smell. The newly pressed oil 
should not give off the smell of cooked turnips which have been over- 
heated in the operation. That is a sign that the oil has been' 
made from seed containing rape, or other cruciferous oils, and that ifei 
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ks been extracted at too great a steam heat. The nose is a very 
leful factor in the testing of oils, and no opportunity should he lost 
training and exercising it in its duties in this respect. Hut one 
ust not be led away even by a smell into the iields of imagination ; 
le must not imagine himself in Dante s Inferno even’ time one 
nell 8 sulphur. None the less* the man who handles linseed oil or 
lint should know the smell of crude gasolene when present in an 
oil-can or in an anti-fouling composition or other quick-drying paint. 
But motor-cars have popularised gasolene. The stench of the former 

article was its danger signal. „ , . 

An ahnormal uncommon smell in linseed oil isgenerall) due h) hsn 
oil and rosin oil, etc., also to some volatile oil or another. hen 
water is distilled over linseed oil, or when IiiisihhI oil is treated with 
a current of steam, it should yield no other distillate than eomhmsed 
Vater; a volatile distillate would point to spirits of turpentine or 
petroleum i?pirit. 

2. Taste.— Tha taste of linseed oil is also as characteristic as its 
smell; when new it is bland and ])leaHant ; old oil is slightly acrid. 
Finh oils civil hardly he dotecled in linsi'ed oil liy their taste unless 
present in large proportion hut the most minute trace of rosiii oil 
Ln most easily l>e det(‘cted. When a linseeil oil containing rosm oil 
first impinges on the palate nothing viu-y much amiss is dmcovi^red 
at lirst, and the operator thinks, as far as ta.ste is concerned, the oil 
is all right, and perhaps if uninitiated goes away satisiu‘d to perlorm 
some other test on the oil, hut hy-and-hy a hitter, hiting, acrid, 
nauseous taste makes itself felt on the hack part of the palate, which, 
in pronounced cases, makes one shuddi*r and expectorate to gi*t 
of it. But it remains persistent for some considerable time, lliere 
is no necessity to recall the taste of rosin oil, oiu*. rememliers it all 


one’s life. ^ , r ... 

3. Assessiiuj tli'e Commercial QuMy oj any (tiven Sample of liau 
Linseed Oil by Us C’o/o«r.--Thc colour of raw linseed is usually 
a brownish-yellow, while refined linseed oils are almost colourl(‘8S 
Baltic linseed oil is a dark olive-green in hulk and not at all a pleasant 
looking liquid. A blue or green fluorescences exhibited when the oi 
is i oked at on a hlagk background with the back to 
sign of adulteration with either mineral or rosin oil. This 
be somewhit removed from the rosin oil by the addition of i Ih. t 
1 lb. of di-nitro-iiaphthalin to every 10 gallons of rosin oil, but th 
method is too costly ; besides the fluorescence has a tendency U 
return. Moreover, the nitro-naphthalin renders the oil acid, and 
besides, it throws the rosin or mineral oil S(‘veral shades hack n 
darkness of colour. Again, the nitro-naphthalin leaves a residiiut: 
or organic nucleus in the oil which readily lends itself to di tectio 

(s^ vol. iii.). r ‘7 f r ' in 

\ Assessing the Quality of any Given Sample of Boikd Limeed V 
y Us Colour.— -This may vary from the pale colour of the raw oil itse 



1241 I*b‘ MAKTIPAC ttCBE pE ' V^KipHES. ’ 

<5 '' ■ ‘ ' 

'-.-r . ■ ' ' ■ ^ • 

when soluble driers are used, e.g. manganese liiioleace p.iaea oy 
blowing the oil, to port wine or even porter colour, the latter colour 
being characteristic of oils from which the oxide drier has not had 
time to settle out. Fluorescence or bloom should be carefully 
looked for by spotting a drop of the oil on black paper, or on ; 
the black covtir of a note-book, and turning the back to the light, 
lowering the paper to the knees, and gradually raising and lowering 
it at several inclinations. If any rosin oil or mineral oil be present 
it generally shows itself by the bloom manifested under these cir- 
cumstances. But the bloom is not^ so readily seen in boiled as in 
raw oil, especially when the rosin oil has been 
boiled along with the linseed. When the 
rosin oil is boiled along with the linseed, so 
long as not more than 2 or 3 per cent, of 
rosin oil is used, the practice is not quite so 
had as at first sight might appear ; the acid- 
ity of the rosin oil is corrected by the litharge, 
and the rosin acids are converted into rosiuate 
of lead, and thus assist in stimulating the dry- 
ing propensities of -the oil, and the profit on 
this small addition pays for the cost of boiling. 
The painter does not care to pay much higher 
for his boiled than he does for his raw oil, and 
to this extent he shows himself unreasonable. 
When the oil is full of flaky matter, and even 
after filtration continues to deposit foots, it 
points to common cotton-seed oil having been 
boiled with the oil. Its stearine separates out 
ad infinitum. 

The Natural Fluorescence of Printmj Jnk 
Vehicles. — Burnt oil made from pure raw . 
linseed oil must not be mistaken for the ad- 

Pio. 41. —Thermohydro- ventitious fluorescence due to rosin or mineral 
meters for oil. -i ^ i* i a 

oils, it 18 due to a pyroligneous product 

produced> during the burning of the oil. The colour of linseed oil 
from a bleaching point of view is dealt with elsewhere. 

• Phfikal Properties of Linseed Oil. — (1) Specific gravity ; (2) vis- 
cosity ; (3) index of refraction ; (4) optical deviation of light polari- 
metry ; (6) m.p. of oil ; (6) m.p. of fatty acids ; (7) solidification- ^ 
point of oil ; (8) solidification-point of fatty acids. 

Specific Gravity. — The specific gravity of linseed oil at any given 
tempei-ature is its weight compared with the weight of an equal bulk of 
water at the same temperature taken as unity. Sometimes, however, . 
the density at 100'' C. (212® F.) is referred to water at 15® C., or 60® F. 
(16*6® C.), and so on. The reason of this is that the specific gravity ' 
ibottle which is used to take the density of the oil is graduated at, say, | 
^6p® F. Moreover, the difficulties in graduating a specific gravity 






212® F, are suflBciently obvious. The specific gravity bottle may 1)© 
kd graAiated to hold JOOO grains at 60® F. or 50 grammes or 100 
ammes. When the bottle and stopper are tared in the case of the 
KX) grains bottle, the number of gmins added to restore e(iuilibrium 
ves directly the specific gravity of the oil, but in the case of the 50 
^mines or 100 grammes the ^act weight added to restore equili- 
^ium has to be multiplied by 20 or by 10 respectively. For all 
tactical purposes the density of linseed is taken with suflicient 
jcuracy by the hydrometer. The most useful hydrometer for 
iseed oil testing is graduated from *900 to *950. The oil refiner and 
filer could not invest in two more serviceable instruments. Life is 
o short for taking the specific gravity of linseed oil by spt^cific 
'avity bottles or Westphal balances. It is only waiJted to the third 
jcimal point, and that is given correctly by any acciiratis hydro- 
leter. It will he seen that no two observers agree in regard to the 
ravity of Vinseed oil at any given temperature. Possibly some of 
lese variations are due to experimental errors, hut as a matttu' of 
yot it would be very difficult to get two samples of oils representing 
ifferent bulks to coincide exactly in density, and not only in density, 
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but in other particulars, and it may be advisable to discuss here, 
once for all, the reasous for this continual variation. The density 
of linseed oil, like all its other so-called chemical and physical “ con- 
stants ” (.vie), varies (1) with the general purity and with the pedigree 
of the seed from which the plant which produced it sprung ; (2) with 
the soil on which the plant producii?g the seed (which when crushed 
yielded the oil) grew ; (3) with the climate in which that soil was 
located; (4) with the manure applied to the crop; (5) with the 
time of sowing; (h) with the previous rotation of crops; (7) with 
the season whether wet or dry ; (81 with the after cultivation ; (9) 
with the time of harvesting, i.e. whether the seed was allowed to 
ripen too little or too much, i.e. whether or not the exact moment 
was seized for harvesting the crop, when the oil in the seed was in 
that state of maturity in which, after rational harvesting of the flax, 
threshing and storage, and winnowing of the seed and expression 
therefrom of the oil. the latUir excels in all those good (pialities for 
which linseed oil is so justly and so highly esteemed. Examples of 
influences which affect the linseed crop adversely need not be 
multiplied. Independimtly therefore. of impure seed and adultera- 
tion of the oil, whether hy intentionally crushing it with a greater 
or less amount of seed which is not linseed, or after expression by 
the addition of an oil previously expressed from seed which is 
not linseed, or hy the addition of marine animal oils (fish oil, whale 
oil, etc.), mineral oils or rosin oil, the density of genuine linseed 
oil, like every other so-called chemical and physical constant, varies 
within rather wide limits. It is a very dillicult matter indi'ed to 
convince the uninitiated that the properties of genuine linseed oil 
are not like the law of the Medes and Persians, “ which altereth 
not”. But having gone into the reasous why raw linseed oil varies 
in composition and properties, it will only be necessary to refer 
to the matter again when it is especially important to do so. Pre- 
suming, however, that we are dealing with a genuine oil, the density 
should never go below 0'93l nor above O’ 934 in the case of raw 
linseed oil. Books and trade journals give higher densities, but the 
normal oil is not to bo met with on the market with a higher density 
than 0’934 ; even 0’933 is rare. The linseed-oil consumer is to a 
^eat ejjjtent indebted to the farmer for the purity of the oil supplied 
to him. The cnisher must needs sell his oilcake, and a&, e.g. rape- 
seed can be detected under the microscope and also by chemical 
means in the linseed cake, the crusher cannot very well crush a 
.certain amount of non-drying oil with his linseed should it yield an 
oil of very high gravity. He can, of course, sophisticate it after- 
wards, but some crushers innocently imagine that if they crush the two 
-seeds together, and thus treat the oil exactly alike, the fraud will 
escape detection. So it may if the linseed oil from that particular 
.^batch of seed be of itself of high gravity and yield high tests generally. 
|The rape-seed oil crusher has mountains of unsaleable rape which he i 
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rould if he could sell in the form of linseed cake. But then the 
rusher ^ould be in hot water with the farmers and the agricultural ' 
ocieties to which they belong ; his oilcake would get a had name, and 
Q the end the crusher would only prove once more that honesty is 
be Ixjst policy. The farmer i.s the paint-grinder and varnish-imiker’s 
bst friend. His chemictU and fnicmscopical control of the linseed 
■Icake market is perfection. This control has long reactnl on the 
furity of linseed oil without the users ever giving it a thought. 

Oils of Similar Gravity to Linseed Oil. — The only oils approach- 
ng linseed oil in gravity are Lallemantia oil and certain iish or 
oarine animal oils, which can bfi detected by methods giveii in the 
equel. The specific gravity of wood oil is much higher than linseed 
lil, viz. 0 940. 

Oils of Different Gravity to Linseed Oil. — All other vegetable 
rying and non-drying oils are sjiecilically lighter than linseed oil, 
irith the exception of wood oil, castor oil, croton oil, rosin oil, the 
lydrocarbido oil produced by the destructive distdlation of rosin. 
Vhen linseed oil is dear there might he a tendency to adulterate it 
^rith lower grade castor oil. The greater density, unless manipulated 
0 meet the case by the addition, say, of rajie oil, would at once in- 
icate the sophistication, hut here comes in the had elTect of the high 
aaximum densities given in liooks. Supjiosing 10 per cent, by 
olume of castor oil O OGO gravity were added to a linseed oil of 
>•931 gravity. 

We got U X 0-1)31 » 8*.37U 
„ „ 1 X O-UfiO ‘UIK) 

l Okeam i 

low, as far as specific gravity is concerned, no one can go into a court 
f law — in face of tKe traditionary matter in regard to the specific 
ravity of linseed oil given in hooks — and swear that the above sample 
j not genuine linseed oil. But happily every particle of the castor 
il can be separated by alcohol and weiglmd. Bo the sophisticator 
as to bear in mind that his oil must not satisfy one test alone ; it 
aust befctisfy at least a score of teats, liosin oil can be separated out 
rom linseed oil almost as easily as castor oil ; when the soft soap, , 
lade from » linseed oil containing rosin oil, is dissolved in water 
nd shaken up with ether, the latter extracts all the rosin oil and 
oats to the top of the soap solution from which it is decanted, the 
bher distilled and the rosin oil weighed as already described 
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Observer. 


1. Alien . 

2 . Df) Negris and 

PabriK 
S, Filsingor 


; "(!. 


ir> 

If) 

17 5 
•ir> 
15 


i 20 


4 . Gill and fjanil 
4 a. Hcnriqttes 

5 . floldo . 

6. IjOwkowitHch I 15*5 [ 


7 . Mclllniiy 

8 . Niegeumnn 


9 . LausHUre 


10 . Soheibler 

11 . ShukofI 

12 . Souphere 
18 . Stillwell 

il 4 . Thayson 
16 . Thomson and 
Ballant^ne 
1 , 6 . Tomaroiua 


17. Ut* 

18 . U.S.A. 


15 


Density. 


()-032.0-9:i7 

0‘88()9 


0-9842 

0-9.10.5 


OriKin. 


1.5-5 


0-9829 


Gernian.v 

IndU 


0*9829 ^ 

0-.W21-0-9.‘]2(; 
0-981-(.-9.84 r.S.A. 
0-981.5-0-937 
0-927.5-0-985 
0*98l6.0-9'^4.5 
0-9.8 1(> 

0*9884 


0-9848 

0-981-0-987 

0-9290-0-9825 

0-.)290.0-9880 

()-980.> 


0-989 I 

0-980 ; 

0-921 
0-881 

0-.W47 1 

0-935-0-9.36 ; 

0-98-25 ! 

0-9299 1 

0-9411 ; 

0-9300-0-9.380; 


Oalmitta 
Potrograd 
Baltic 
Provin<-( s 
U.^.A. 
Russia 
La Plata 
India 


0 - 9316 - 0 - 9346 ; 
0-9320 , 


0-9358 
0-9325 
0-.1360 
0-9380 
0-9372 
0-9297 0-937 
0 - 9329 . 0-9345 U.S.A. 


Italy 
I Bombay 
Morocco 
Marmora 
i La Plata 
' Ruflsia 


No. of ! 
Sariipli'. I 


I I'idiblo oil 

j For oil boiling 
Knglisli (;rusln'd 


1 

I 

1 

1 

1 

1 

22 

4 


German cru ailed 


Add ot aubtract 0*004 for every 10 ® F. above or below 60 ® P. 
Water at 16 - 5 ® 0 . » 1 . 

Density of fatty aoida of linseed oil— 
at 16 - 6 ® C. « 0-9238 (Allen), 
at t) 9 ® 0 . (water at 15 ® C. « 1 ) » 0*8612 (Allen), 
at 100 ® 0 , (fwater ibvI; lOfJ® ft lit iO.©o>.->k 
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Expianalion.-T:he following explains the principle of this table 
whioWn^ione may construct for himself on the same lines To the 
left are the densities. On the top and horizontally ai-e the tempera- 
tures lying between 10’ and 30’ 0. (50" to 80’ 1.) : the oblnpio lines 
bearing^ the names of certain oils are expansion lines ; the ti-ansversal 

m u /i a 14^ /5 17 ta 90 27 29 23 24 3S26 2/M » 
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line, it is convenient to write 133-40 instead of 133*46, and alongside 
A the point C is marked corresponding to the fraction 0*^6, as the 
point through which the line MN must pass. Thus there is inscribed 
to the left of 133-4, 133'5, 133-6, etc., to the last vertical line, and to 
the left, 133*3, 133*2, all to the first vertical line. Two other points 
of passage are determined corresponding to two densities, one of 
, which is lower than 0*9205, as 0*910, and the other higher, as 0*930 ; 

for example, by calculating what are the weights of the flask full 
t of oil corresponding to these densities, the density 0*910 being the 
quotient and the weight of water at 4*1° C. - 70*65 the divisor ; these 
two numbers are multiplied the ope by the other, and we get the 
dividend 64*29, the net weight of the oil to which, when the tare of 
the flask, 68*43, is added, we get the weight of the flask full of oil 
. «■ 132*72, Starting from this weight inscribed at the bottom of the 
table and ascending to the density 0*910, the point is marked. 
Operating in the same way for the density 0*930 the point E fe 
marked. The line MN is then drawn through the poihts C, D, E. 
This graph being so constructed, suppose the gross weight of the 
flask full of the oil to be tested is 133*20 at a temperature of 24° C. 
without any other calculation, we have only to find this weight in- 
scribed at the bottom of the table, ascend the corresponding vertical 
line until it meets the line MN, then follow the horizontal line until 
it meets the vertical line corresponding to the temperature of 24°, 
that is on the line for cotton-seed oil and sesame oil, the density 
which is 0*917, is read off to the left. If it be desired to bring this 
density to 15° C., the expansion line marked Sesame is followed to 
the vertical lino corresponding to 16° C., the density is read off to 
the left as 0-923. That density is expressed with reference to water 
at -f 4*1°. It suffices to multiply by the factor 1,000,841 to express 
the density with reference to water at 16° C. 

Determination of the Specific Gravity by SprengeVs Tube . — When 
the specific gravity has to be determined in a very precise manner, 
specific gravity bottle and pionometers are used, particularly Spren- 
gel’s tube. Sprengel’s tube is a U tube, the two vertical branches of 
which are united underneath by a narrow curved tube, and termin-> 
ated in the upper part by two narrow tubes bent to a right angle,; 
^ the ends of which are closed by two glass stoppers. Their diameter ’ 
is unequal; that carrying the mark is about twice as wide as the^ 
other one which is about 0*26 mm. in diameter. It Is suspended ' 
■ from the beam of a sensitive balance by a wire, preferably platinum,; 
p so as to determine its weight before and after filling. IHie tube is \ 
/fillt'd by immersing the tube carrying the mark in the oil and aspir^ ' 
mrnK — ^ ^ ftwbe the volume of the, < 
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Bermrated from the bulb and left until in equilibrium ^yith the exterior 
eT^rT whiob is determined by the liquid nether ex^ndmg 
nor dilaLs in the widest tube. The oil is brought to the mark 
either by removing with filter paper the liquid in excess or ' 

ine the capillary tube with a glass rod impregnated with the oil to o 
id tube is closed with the glass stoppers and we.,^u,d^ 

By bringing to a vacuum the weight found, the resu gives e i y 
Ae snecifle gravity to the fourth decimal place. Generally the 
weighLt the volume of oil is compared with that 
of water at the same temperature, and in J 

is IS*" 0. (59° F.). British specific gravity ^Ix^tles 

60° F. Such gravities are expressed as 15 : 5 - 5 -^; 60^^'. 

When it is necessary to determine the specific gravity of solic 



fatty bodies, e.g. the ^ ^ ^ ^^awn into the Sprengel tube ; 

first melted so as to enable them to ^ d^wn y j 

the latter is then immersed m a f ^ covered 

horizontal branches he ^ ® j n ig necessary to obtain a 

“ i. : « w 0. <» •!» 

” and 100° C. in the case of fats, 

tr m its weight full of oil. 
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stearic acid from tallow melt at a temperature below that of either 
of these# varieties of stearic acid. Af 3 ;ain Jean was l)aille(i in his 
attempt to determine the m.p. of oils like linseed by inixinj^^ them 
with a percentage of palmitic acid of known m.p., but possibly he 
might have succeeded better had he used ceresin of high m.p. 
The solidifying- or freezing-po^it of linseed oil is determined by 
freezing mixtures surrounding the tube containing the oil. The 
thermometer is inserted into the tube by mtnins of a cork a ; the 
thermometer is fitted with an agitator b. 

The m.p. of the fatty acids from linseed oil, viz. 11" Cb, diller- 
entiates it from several other oils, especially cotton-seed oil, whose 
fatty acids solidify at 28*5" to 30" C. But hero again the utility of 
such data is negatived by the fact that, judging from analogy, the 
fatty acids from a mixture of the two oils in ecjual proportions would 
not he at all likely to yield a product with a freezing-point which 
would be the arithmetical mean of those of its constituents. Much 
information may be intuitively gained in regard to the solidification 
and m.p. of oils by observing the behaviour of the stock hottb3s and 
samples, filed away lor reference, when a frost begins to set in, and 
again when the correspomling thaw ensues. Cotton-seed, olive, lard, 
and colza oils are all solid long before linseed oil, and the latter 
“thaws” much sooner than any of the others. The solidification- 
point is more useful in identifying individual oils than in detecting 
sophistication. However, it may be laid down as a general rule that ‘ 
the freezing-point of drying oils is much lower than non -drying oils, 
and although fish oils in many of their properties resemble drying 
oils yet in this respect they show a marked difference, the freezing- 
f)oint8 of most fish oils , being about 0" C., whereas linseed oil is 
- 27" C. 

The data as to the solidification and melting-points of linseed oil 
are very conflicting. The difference in the source and the age cause 
a difference in composition, and the more linseed oil consists of a mix- 
ture of various bodies and the method of freezing, abrupt or gradual, 
and the oil stirred or not, the more will the results differ. 

The Freezing Process of Eliminating Mucilage from Linseed Oil . — 
Dr. Karl Niegemann patented a process of purifying linseed oil for the , 
manufacture of varnishes, which is essentially different from the ] 
customary methods employed. Raw linseed oil, when u«ed for ' 
varnish-mating, gives a product which becomes cloudy and opaque ■ 
^wing to the presence of albumen. According to the new process ’ 
no heat is used to cause the albuminous matter to separate, the raw ,, 
oil bein^, on the contrary, cooled to its freezing-point. For example,;! 
a sample of linseed oil whose solidfying-point is - 20" C. or 4" F, kf 
temiperature and the mucilage separates in flocks justi|1 

theiir.5| 
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Oil. Masaifl. 


Uracounot. 


Sperra 

Olivo 


Dogroen C. ! Degroes C. 
— + ^ 


+ 2*5 


+ 7 


Chateau 1 Fr. Chatin. 


Degrees C. • Degrees C. 


^hftlo 
3od-livor 
^catstoot 
rrotter 
Lard 
Arachia 
Oobton-aeod 

Hapo 
Soaamo 
Oleic acid 
Oolaa 
Hazol-nut 
Suailower 
Q rape-seed . | 

Hack mustard , 
JoGoh-nut 


0 

0 

0 

0 

2 

H‘76 

5 

. 6 to 7 
• 6 
. 10 
- 10 


jastor 
?oppy*aeed 
3ameUiia . 
\prioot 
l^lmond . 
Hemp-seed 
Linseed . 
Walnut . 

Pine . . ; 

White mustard 


17 

_ 18 
.. 18 
- 18 
- 20 

- 25 

- 16 


. 15 to 20 j 
. 27 


- 6 
- 10 


- 17 

_ 18 
_ IH 

. 2-5? 

- 16 

- 27-5 


_ 2-5 


8*8 


o-:i 
. 18-5 


- 17-5 

- 17-5 

- 17*5 

- 18*5 
. 18-8 

- 2-3? 

- 27-5 

- 27*5 


+ 2*75 


8*75 


Various. 


0*26 


- 17*5 

- 18 

- IB 

- 18 


- 27-6 

- 28 


Degrees C. 

I + 2 -f 6 

I 0 -f 1 + 2 
1-0 
1-5 
1-5 

- 7 

- 8 

- 3*25 - 4 


1 - 6-75 
i - 20 


■ 10 
0 


_ 21 - 22 
_ 10 - 12 
~ 20-7 


- 30 

- 17-5 
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Uusetsl Oil. 
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- 1C after 1 

standmg j- 
Mveral days; 
- 27 

Melts at \ 

- 16 to 20 / 
Deposits 1 
stearine } 


Ol'server. 


Ousserow. 

OhUteau. 

Glaesner. 

Lewkowitsch. 


Fatty Acids. 



Degrees C. 



Von Huble. 

Allen. 

De Negri & 
Pabris 

Holde. 

Lewkowitsch. 


17 i Von Huble. 
24 Allen, f 
Below 1« ! Dieterich. ! 
_ ^ n, ( 1 I>e Negri « 
20 to 21 1 1 
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removing the albuminous matter without increasing the percentage 
of free f#.tty acids. Niegemann very evidently omitted to reckon 
with the presence of solid glycerides naturally dissolved in linseed 
oil, viz. palmitin and myristin. The question then is whether he did 
not precipitate both these fats from the linseed oil along with the 
mucilage and how much, if an^, such cold eliminated solid fats was 
retained on the filter along with the precipitated mucilage. Later on 
Lewkowitsoh and others patented freezing processes for eliminating 
these solid glycerides from linseed oil, but the method did not pay, 
and the process was abandohed accordingly. 

Effect of Cold on Linseed Oil , — It has been stated that an oil sub- 
jected to the action of cold remains permanently cloudy and breaks 
on heating to 270° C. (518° P.), even though the original oil did not 
behave in this way. The following tests were made by Andes with 
oil received from tfae oil-mill clear and tran8})arent, giving no sedi- 
ment on long standing, and on heating to 270° 0. showing the char- 
acteristic change of colour, but not breaking or showing any dark 
coloured separation. Three samples of the above linseed oil were 
placed in large test tubes, filled to the top, and a thermometer fixed 
through a cork into each. The tubes were placed in a mixture of 
crushed ice and common salt. After 15 minutes the thermometers 
registered - 6° C. and the oil began to be cloudy. The temperature 
sank for two hours when it had reached - 16° C. The oil was now 
very thick, bu| not solid. AH three 8ampl<*-8 behaved alike. A fourth 
sample of oil, in a similar cylinder, was placed in a freezing mixture 
of snow and calcium chloride. This sample was cooled down to 
. - 31° C., and on standing at that temperature became quite solid, 
without the separation of any crystalline body. All four samples 
were now taken from the freezing mixture and brought into a 
warm room, where they were allowed to stand untouched for three 
days. All became quite clear as before, showing no solid or i 
suspended matter, nor could they be distinguished in any way from 
the original sample. On heating to 270” C. they showed the normal ' 
coloration, without breaking. Pure linseed oil, therefore, will stand 
, great cold without losing any of its normal properties, or suffering - 
injury, notwithstanding statements to the contrary. 

TJU Physical “ Qomtants” of Linseed Oil and its Fatty Acids,-^ 

^ For any technical purposes hitherto known for which linsead oil is , ■ 
available fatty acids are much inferior if not quite unsuitable. Their - 
melting point is far too low for candle-making on the one hand , 
(even if the smell of the products of combustion did not debar it), 
I'^ltnd far too high for paint purposes; moreover, linoleio acid is a -I 
f hydrated product whereas linseed oil only contains the anhydride of | 
limioilek acid in combination with the glycerine. If we glance at the! 

constants 
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substance from the free fatty acid derived from it. The original oil 
temains fluid at - 10 to - 20^ C., that is to say 14® F. (18®, F. below 
freezing-point). The freezing-point of the Fahrenheit scale is 32® F., 
and its zero is 32® F. below freezing; hence 20® C. = 36® F., and de- 
ducting 32® F. from 36® F. we get - 4® F. Now a substance like 
linseed oil which is still fluid at - 4® F. is quite a different substance 
altogether from one which is still solid at about 60® F. If the painter 
, is working at 60® F. he ve.ry evidently cannot use linseed oil fatty 
acids as a vehicle for his paint, nor as a constituent of his varnish. 

What has been said in regard to the melting-point of fats is equally 
true in regard to the solidification qr freezing of oils, drying oils in- 
cluded. The first point to strike the observer is that most fatty 
solids begin to melt at a given temperature, and are not completely 
liquefied until a much higher tem^)erature is reached. That would 
appear to bo quite contrary to the laws of fusion according to which 
(1) every substance begins to melt at a determinate temperature which 
is invariable for each substance if the pressure is constant ; (2) what- 
ever may be the intensity of the source of heat from the moment it 
begins to melt the temperature ceases to rise and remains constant 
until the substance is completely melted. How then does it come 
about that drying oils escape the jurisdiction of such laws? It is 
due to several causes. Speaking chemically, drying oils are not pure, 
well-defined bodies but mixtures of several different pure well-defined 
bodies called glycerides, each of which has its own well-defined melting 
and solidification-points, and tends to melt at that point indepen- 
dent of all the other substances with which it is associated. But if 
that were the only stumbling-block matters would be much more 
simple than they are, and as the temperature was gradually raised we 
would see linolein, palmitin, myristin, stearine, etc., successively liquefy 
each with a fixed temperature as its own melting-point. However, 
matters do not arrange themselves so easily. This melting-point is 
‘ iK)t even now well determined for each of these glycerides and is 
liable to vary appreciably under circumstances as yet ill defined. But 
quite other causes intervene to modify greatly the phenomena, either 
to hasten or retard the melting-point. Much depends on the natural 
‘ mixture of fatty bodies constituting any given oil. The less fusible 
substances tend to retain the more fusible by a sort of imbibition and 
the moce fusible tend to dissolve the less fusible. The duel between 
^ these two tendencies leads within certain limits of temperature to the 
^formation of a soft pasty state intermediate between the solid state 
I' and the liquid state, which may here be regarded as a state of imbibi*;^ 
f tion of a solid mass by its saturated solution. 

^ ‘ ftAma additional remarks are called for. The laws of solidi-) 



•complete, the temperature of the liquid remains constant. Now 
these lav^ are not so absolute as may he imagined and are subject tb 
numerous exceptions. First of all the last part of the first law cannot 
he allowed to pass in the strict interpretation of its text. In fact if ice 
melts at O'* the water produced by this melting cannot resiinn* the 
solid by the simjile fact that the Jemperature remains at (F, nor again 
it a piece of ice and liquid water be brought together and kept at 0** 
Ave do not simultaneously see the ice nudt and the water freeze. It 
is therefore rational to suppose* that if water melts at 0 ’ water cannot 
freeze but at a lower temperature than 0". However small may be 
the dilTerence there is perforct* pm*, and in a general manner the 
solidification-point is always lower than the melting-point ; however 
near they may be in many cases they are always difTerent. But in 
the case of natural oils and fats, or even well-defined fatty bodies, 
^ure triglycerides, this difference is jieculiarly in evidimce, for, in their 
case, there is always a very appreciable difference between the melting- 
point and the solidification-point of the same sulistance. Another 
well-known exception is that caused by sUi^^rfusiou, very frequent 
with fatty bodies ; that is to say, where a substance cools down to an’ 
appreciable extent below its freezing-point without solidifying, a 
moment arrives when, under the influence of sudden vibrations or of 
some other known or unknown cause, the liquid solidifies all at once 
and its temperatube rises to the freezing-point. There are, moreover, 
other remarkable exceptions to the laws of solidification and melting 
peculiarly applicable to oils and fats ; they consist in variations induced 
by difTerent conditions hitherto badly explained. One of the most re- 
markable depends on the temperature to which a substance has pre- 
viously been brought before its solidification. For example, siearine, 
a well-defined body, melts according to different authors at 61 to 63“ 
C., also up to 64'2 and even to 71* C. Now according to Duffy a 
stearine melted at 63* C., and heat continued to 65' C., solidified at 
61“ C., when reheated melted at 66*5“ C., and when again solidified was 
found to resume its original melting-point of 63*0. Berthelot not 
only observed similar phenomena in the case of natural oils* and fats 
but also in the case of synthetic glycerides. These variations in the 
melting and solidifying-point, sometimes influenced by the shape of - 
the vessel in which the experiment is made, are always accompanied 
by considerable variations in density. There might therefore be some 
reason in accounting for these variations by molecular phenomena of 
|K)lymeri8ation. 

In any case, besides the unknown causes which intervene to vary ' 
ibese characteristics, there is cue which must always be taken into : 
account in connection with the fusion and solidifying-point of oils, < 
and that is their low conductivity for heat, and, consequently, the 

/rwfLimiim of caloric,; 
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But water is not a good solvent for numerous organic substances, 
many of which are, practically speaking, insoluble therein. In that 
case other solvents which are found to lend themselves to this 
purpose have to be used, bearing in mind that each organic com- 
pound has its own peculiar solvent, hut some of these are unsuitable. 

The following is a list of the c^ief solvents used in cyro8co})y - 


r 

j Solvents. 


Water . 

Acetic acid . 
Kthylonic bromide 
Benzene 
Nitrobenzene 
Phenol . ' 


Kreezing-i>oint 

K. 


0 

11) 

14 

89 

Jl-O 

119 

5*8 

49 

5-8 

(>9 

80*0 

70 


It must, however, bo borne in mind that hydroxylated BubBtanoes 
in benzene' solutions produce depressions which are too feeble by 
half In such cases ethyleiiic bromide, nitrobenzene broinoform, 
etc. are substituted for benzene. Moreover, solvents which act 
chemically on the Substance dissolved are avoided; thus acetic acid 
would not be chosen as a solvent for a ,.heiiol or an alcohol. In 
sufficiently dilute' solutions of an appropriate solvent, other oiKamo 
compounds than sugar behave similarly, and the lowering or de- 
pression of the freezing-point is (approximately) proportional to the 
Lmber of molecules of the substance dissolved in a given weight of 
the solvent used and independent of the substance dissolved. If 
therefore we dissolve molecular proportions of different substances m 
a sufficient quantity of the solvent the depression of the freezing- 
point is the same in all the solutions. It evidently differs, however, 
with different solvents. That is to say. if tto molecular weight in 
grammes of any substance be dissolved in 100 grammes of a given 
fppropriate solvent, the depression of the freezing-point is a constant 
quLtity K, termed the molecular depression of that process. 
Loulfs. Apparatus, most frequently used consists of “ 
toh resting .on a tripod, on the sides of which two vertical-brass 
rods are riveted at the extremities of the 
one of these rods there moves a universal supporting 
iWes to keep in the centre of the dish a brass cylinder clost^ at 
lower end In this cylinder is a glass test tube “>6 outside 
■ftiameter of which is slightly less than that of the cylinder , this t^t 
inbe is intended to contoin the liquid, ~lvent,^or sj>lotmn^of w h^__ 
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tube into the orifice of which passes the stem of a pfatinum ring 
stirrer. (3) A wider glass tube, to allow the introduction«if need be 
of a certain quantity of the solidified solvent. The platinum stirrer 
is furnished with a wire rolling on a pulley supported by the second 
brass rod. The ditTerent layers of the cooled liquid may thus be easily 
and constantly mixed. The test gl^ss, previously dried and cleaned, 
is filled to two-thirds with the pure solvent. The cork is replaced 
and the thermometer introduced so that it does not touch the bottom 
and the bulb does not rise out of the liquid and remains within the 
axis of the ring of the stirrer ; that done the test is placed in the 
cylinder and the dish is filled withicrushed ice or ice and salt, taking 
great care that neither ice nor salt find their way into the brass 
cylinder. As soon as the operation begins the layers of liquid are 
continuously mixed by aid of the platinum stirrer, which should 
never come out of the liquid ; a single to-and-fro motion can be 
given in a second. The column of the thermometer should never t)e 
lost sight of, especially when the temperature approaches solidification. 
At the moment when the solvent begins to crystallise the mercury 
remains stationary, then rises suddenly and again stops, to redescend 
afterwards when solidification is complete. This maximum tempera- 
ture is noted and the experiment repeated a seco!id time, by first lift^ 
ing the teat tube out of the cylinder to allow the solvent to regain the 
liquid condition. The two readings ought to agree to about of 
a degree. The solidification-point of the solvent having been deter- 
mined, a solution is prepared of the substance to be examined in the 
same solvent; that is to say, in a portion of the liquid from the 
same bottle and withdrawn therefrom at the same time as the 
portion with which the previous determination has been made. 
The concentration of the solution should run between 3 and 5 parts 
per lOG, so that the lowering of the freezing-point may be about 0*5 
to 1-6. Its volume should be equal to that occupied by the pure 
solvent in the first experiment. It would thus be necessary to 
calculate previously the weight of substance and solvent to use in 
each particular case. The solvent is weighed in a flat-bottomed 
flask into which the weighed substance in a closed tube is likewise 
intioduced. The flask is closed and the solution is effected without 
heating by gentle agitation. When the liquid is quite homogeneous 
it is introduced in whole or into the test tube which l^s previously 
been cleaned and dried, likewise the stirrer and thermometer. 

* Calculation ; let P «* weight of solvent, p that of the substanod 
dissolved, c the lowering of the solidifying-point expressed in 
degrees ; then the molecular weight M of the dissolved substance is 
mven bv the eqiuation - / 
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Certain solvents possess two constants K. The greatest of the 
two is generally used. 

Exatnple . — Let us choose for our first example a substance soluble 
in water : 4-9818 grammes of cane sugar Ci.Jl 22 ^in 
grammes of water, depressed the freezing-point by 0-92o C. nince 
96-94 grammes of solvent contaip 4-9818 grammes of substance 1 , 
the quantity in 100 grammes =» 5139 grammes. The constant 
for water is 19, hence the molecular weight of cane sugar is found to 

u,, « 331, the true value being 342. 

0-295 I 

Beckmann made some very iuiim])ortant alterations in RaouH a 


Fio. 48. — Rooult^s freezing- 
. point apparatus. 


Fio. 49.— The same apparatus 
as modified by Beckmann. 




.pparatus, but sufficient to enable the Germans and their too 
l^erous followers in this country to claim that the depression of 
empenrture is usualfy made with the aid of the apparatus dgvised, 
ly Beckmantf. But Beckmann never devised his own aparatu^ he 
>^y altered Raoulfs. His instrument consists (1) of “ *“'’8® 
ibont 1 inch in diameter and furnished with a side tube B, and closed 
max a cork C through which pass a stirrer * and a *®r"ter b 
rraduated to yi® of a degree. An exactly weighed quantity, about M i 
p^mes, of the solvent is placed in the tube which is 
^ 51 a._ 7 l - m .wr.Tuj.n.Tw «.« «LTrtt jBtuTr i.acket and iturevents a too rapia - 
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liquid, the temperature of which ig about 6® lower than the freezing- 
point of the solvent. The solvent in A being now constarjtly stirred 
the thermometer rapidly falls and sinks below the freezing-jx)int of 
the solvent ; the thermometer rises again, but then remains stationary 
at a certain temperature which is the freezing-point of the solvent. 
A weighed quantity of the substance is now introduced through the 
side tube B, and after first letting the solvent melt completely the 
freezing-point of the solution is determined as previously. The 
difference between the first and the second freezing is the depression. 

The SpecAfic Viscosity of Linseed Oil . — The specific viscosity is 
usually determined in this country by Redwood’s Viscometer, on the 



Pia. 60. 



■Continent and in the U.S.A. by Engler’s. The former is described 
in vol. iii. of this treatise, pp. 423-5. In Engler’s viscometer the 
operation is performed at 20® C. and the viscosity is compared with 
that of water at’ the same temperature. For linseed oil^Crossley and 
Le Soeur found at 70® F. (21-1® C.) the viscosity of 8*83, but F. Bed*" 
ford only found 6*76, and Ubbelhod^ at 20, 60, and 100® C. thel 
ivisoosities 6*36, 3*2, and 1*6 respectively. f, 

The consistency or body of thickened linseed oil varies with th®^ 
»U8e to which it is to be applied. An empirical test between the fore* J 
J and thumb ^ves very often all the necessary infonnation.1 
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•situated, such as the manufacturers of oiled silk. An instrument de- 
signed to jneasure the body of the oil has been termed a consistence 
measurer, and for an accurate determination of the body of the oil 



Fio. 62.— Apparatus capable of 
being heated for testing drying, 
viscosity, gamming, etc., of oils, 
with graduated scale to left and 
thermometer to ri^ht. 



Fig. 53.— Valenta’s apparatus for 
testing the viscosity of oils and 
printing ink vehicles. 


is the best instrument to use. An expert oil boiler for printing ink 
vehicles, however, hardly needs such an instrument. It measures the 
period of time taken by an air bubble to rise through a column of oil in 






Fia. 54.->ApparatuB for determining fluidity of thickened linseed oil. 


It glass tube. A cylindrical glass vessel, which may be closed by a 
carefully ground stopper, is filled so far with the oil to be tested that ' 
jan exaoUy measured volume of air remains between the liquid and 



im 
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the top. The glass vessel filled (see Fig. 54) consists of a tube a 
closed at each end by means of a glass stopper, and marked at z. 
a is attached to the axis b, with which it turns in the framework by 
means of pins ; by removing the slides cc, a and b may be taken out. 
The reversing movement is stopped by means of the flaps e attached 
to the axis and the projections on the framework. The glasa 
vessel, after it has been filled with the liquid to the upper mark z and 
closed, may be rapidly and accurately placed upside down, when the 
air bubble will rise. The framework d is provided with a plumb-line 
k, and three levelling screws m, so that it may bo accurately placed 
in a vertical position with a thernv>meter to ascertain the tempera- 
ture. 

Viscosity of Jioiled Linseed Oil and of Printing Ink Vehicles , — 
The ixometer consists essentially of a 
large vertical tube of Id millimetres in dia- 
meter B. This tube ends in an overflow 
funnel F. Another vertical fube D of 5 
millimetres diameter, also fitted with an 
overflow G, communicates with the first 
tube by a connecting pipe H of 8 milli- 
metres interior diameter. In the centre 
of the tube D there penetrates a cylindrical 
steel rod E perfectly calibrated to the 
diameter of 4 millimetres. In fact this 
system forms in D an angular adjustment 
of G o millimetre wide and 200 millimetres 
long. The whole can be introduced into 
a water-bath capable of being heated 
to a desired temperature,. The ap- 
paratus being ready for work the oil is 
placed in the funnel K fixed above B and 
the excess of oil is allowed to flow away 
t^ugh F. It is well at the start to incline the system at an angle 
46"^, so as to run in a little oil to chase the air out of the annular. 
When the apparatus works satisfactorily and the oil is well at the 
temperature of the water-bath, a receiver which is under the funnel 
& is raised, and replaced by a graduated tube T, noting the time 
exactly at which the first drop of oil falls into this tube. The oil ia 
collected for exactly 10 minutes. The tube is withdrawn and placed^ 
In the water-bath for 5 i^inutes, and the number of divisions ob- 
teined read. This number indicates the degree of fluidity of the oil' 
4t T** centigrade, that is to say, the number of o;c. of oil which flow4« 
^t during an hour. Barbey’s ixometer is so constructed that a 
^Bsure of 100 millimetres of liquid is kept at the fixed temperature 
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Fla. 55.— Barboy's ixometer 
with oonetaut head of oil 
; section. 



TTO raYSICAIi PKOPEBTIBS OF LmSEBO 14^1 

leiutDITY OR OUTFLOW PER HOUR TK CUBIC CENriMETRBS OF 
i. VAIitOUS Oll.S. 




8pi*eilic Gravity. 

Kluidily. 

Alftat tan mineral oil 


0!»i7 

67-2 

Ameruan ,, . 

Uu'.Hian oloo imphtha . 

• [ 

0*s7*.l 

54 



15 

I. . 



50 

1 . . 



no 


O-'.Mti 

40—48*2 

Vaseline . . . . 


0*W»2 

216 

Oieie aetd . 

Colza, cM'udi', gt'nume, frc'^li 

svplmned 

OlfOll 

]:ts 

oil 


100 

Coi/a, e'udc . . . . 


()".!D» 

K1 

,, reliiied fttr lamps 

Rape 


O-lM.'i 

105 


0-bib 

K(|*4 

^Ceylon eottoiuiut . 


(>•‘120 

1(>0 

Cochin (snow wintto 



IKO 

T*alm 


(MllH 

126 

Earth-nut, white cdihlc 


()-;h7 

11 1 

,, crude 


0-'.)20 

101*4 

Olise, fine tasted edible 


o-upr) 

127 

„ green (luhneutioii) 


O-'.MbO 

1 25 

Sesaruo; extra -JalTiv 


0*9 1 

105*6 


0-92 t 

126 

Cotton 



126 

Iia\ison , , . . 



no 

laiiseod, Calcutta . . . 



170 

Neatsfoot .... 


OMIT 

122 

Horse-foot .... 


0-91 K4 

l.S.5 

Trotter . . . - . 


0-9 ir, 

no 



0'917 

08*4 

Linseed, Hoinbav . 



143*4 

,, Du Nord 

Cod oil (brown 1 


(h9'ir, 

144 


0-92H 

155 

Lard oil .... 


(h9R; 

120 

Pish 


0-927 

13.5_«.1C0 

Rosin 


0-97.'i 

HO 

Castor-oil lubrication 


0-9H4 

72 


0-964 

13*2-~15*0 


Directions for Use . — Fill plugg^nl container 4 with water to swage 
ring, and ascertain the time that 100 c.c. of water at 60" F. will take 
to pass through thc^jet of the container into the flask, which is 
graduated to this voluaie. This time is taken as the unit in refgrence 
bo whieli the^consistency or viscosity of the material to he tested is 
determined and numerically expressed. Thus if 100 c.c. of water 
St 60° F. take 22 seconds to pass through the jet, and the material 
tinder test be assumed to take 110 seconds, the latter will be said to 
have a relative viscosity of « 6. 

To take the viscosity of a given material : — 

Having seen that the container and jet are perfectly clean, insert 
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Fio. 56. — *' K.E.” viscometer \Jtiutchtnson), 
li Thermometer immersed in material under test; 2, thermometer showing; 
temperature of air>bath ; 8» plug for closing and opening jet or outlet tube 
of container ; 4, copper container with interior swajge-ring marking capacity 
of 110 0 . 0 ., and removable phosphor- bronse jet; 5, mica windows for ob^ 
servationB; 6, glass receiving flask graduate to 100 c.c.; 7, copper pan, 
r4hiovable, for catching possible overflow ; 8, iron stand ; 9, \pminoa8 burner 
for heating air-bath ; 10, regulating tap having engrav^ quadrant for ftna 
adjustment. 
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air-bath towards the point desired. While waiting until thermometer 
I approaches the same point, heat material to he tested in copper 
etrainer (Fig. 57), stirring frequently. Kemoving the cap, next }>our 
into the container the heated and stirred material up to the swage 
ring indicating 110 c.c. Replace cap, and as soon as thernioiutjtcr 
1 in the container is steady at the temperature lixed upon, withdraw 
the plug and note, by means of a*stop watch, the number of seconds 
taken by the material to fill the flask to the mark graduated for 
100 c.c. 

Assffssinfj Linaecd Oil bij the i'olour Test Dei'cloped by a Drop of 
Sulphuric Acid»on 10 Drops of Oil. 

The Sulphuric Acid Sjwt Test for Linseed Oil . — This is the most 
valuable qualitative test for the purity of linseed and other oils. Yet 
it is conspicuous by its tj^bsence from most technical works on oils 
or is disposed of by a few words in passing. The apparatus re(|uired 
is^simple: (1) Three or four glass rods rounded or dubbcni ; (2) a 
stoppered bottle containing conccmtrated sulphuric acid ; (3) a white 
porcelain slab with several circular hollow depressions as shown in 
the illustration, or a plain porcelain slab will do, or even a plate of 
glass with a sheet of white paper underneath, but the circular de- 
pression plate is much to be preferred as the oils have a tendency to * 
run into one another and it is diflicult to avoid getting into a nasty 
mess when testing a series of ods. The circular depression for each 
oil avoids all this unpleasantness. Rubber bulb tubes are also used 
for spotting. 

Process . — Put a number on each sample bottle of oil to correspond 
with the number of the depression on the plate. Then spot 10 drops 
of each oil to be tested from its bottle on to its corresponding de- 
pression on the plate. Dip one of the glass rods, which must 
be scrupulously clean, into the sulphuric acid bottle and carefully 
3arry away on it as much as will spot 1 drop of acid, being careful \ 
fiot to drop the superfluous acid about the table. Two drops are 
g(enerally necessary, one above the other. Place the rod in a beaker 
when done with. It must not be allowed to touch the oil. If it 
>e desired to stir the oil another rod must be used. The 2 drops 
may often be* spotted at once from the acid secured on the rod 
>y one dip, but it is jjest to be content with 1 drop and to make 
k second dip into the bottle for the second drop. The rod ^ust 
^ allowed to* drain suflBcient for the purpose. The sulphuric acid 

be spotted from a Mohr’s burette with a glass stop-cock with 
[feater ease and cleanliness. Pure linseed oil under sulphuric acid 
piht test behaves thus : The spot quickly iMstimes a yellowish tint, 
^ssing rapidly to orange, then to bright red, darkening gradually to 
^wnish-black. 

in linseed oil by staliDhuric acid swt test : — 



: contain only 5 per cent, ux ro»in on me oenaviour of the sample 
will show a marked deviation from the pure sample. becomes 
brownish-red instantly and passes much more quickly to black than 
a pure sample, and the black coloration is always deeper than that 
of pure oil. Even smaller quantities than 5 per cent, of rosin oil 
can bo thus detected, [f fiuore.«jpence, smell, taste, gravity, and 
sulphuric acid .spot tost ail iioint to rosin oil, it should now be deter- 
mined by Allen s separate alcoholic saponilication and ether extrac- 
tion method (see p. 108), and very possibly it will he the only 
adulterant present. ^ 

2. Whale Oil.— Afi soon as tho.contie of a spot of pme whale oil 
IS touched by sulphuiic acid a rapid motion takes place from the 
centre to the circumference, chasin-, so to speak, a Kiey coloration 



acid Hpot test). 


in front of it. The central spot, at first red, passes to brown-red, 
and m a quarter of an horn s time, the whole spot becomes brawnish- 
black. In testing linseed oil for whale or other oils in this way it 
18 better to test simultaneously a standard sample of genuine linseed 
Dll. a.standard sample of genuine whale or other oil along with the 
Dll to be tested, examining and comparing the colour effects. It 
must bo borne in mind that there are many varieties of whale, each 
yielding its own peculiar oil, with its own behaviour to sulphuric 

3. Cod 0(7.— The moment the drop of acid touches the oil red- 
nolet stri® appear in the centre, which turn to dirty red and linaily 
so black. Another description says the effect of the acid is to givt 
tn oiange spot with a dark nucleus giving birth to a purplish floating’/ 
trust which quickly browns. Stirring gives a bluish-purple. tnrnin^J 





to tea ana to nrown. Violet to purple colorations are oharacteristio 
of fish- liver oils. 


4. SkatC’Liver Oil (density 0*928 at 15" 0.). -Sulphuric acid 
spotted in centre causes beautiful violet striio to swim about, which 
suddenly pass to bright brown. The centre of the sjiot is red, 
covered with brown striie. A d^-ty grey aureole surrounds the cir’ 
omnfeience of the spot. (Gaseous chlorine does not darken the colour 
of this oil even after half an hour’s contact.) 

5. UapeOd, — Before stirring gives a greenish-blue aureole. After 
^ stirring a bluish-green.— Klaidin test gives black mass. 

6. Hemp-aecd Oil. flie rt*ag(Mit giv<*s a ytdlow spot wliere the 
acid has been dropped, the remainder of the oil turns greenish-blue, 
then a beautiful emerald green, with small brown strijo on the (ulges! 

7. liavition Oil. — This oil is known by its sharp })epp(‘r-likti taste. 
The reagent gives a bluish-green aureole, which soon passes to dirty 
grey, leaving^ on the edges dark brown spots. The centre instantly 
becomes reddish-yellow, turning to bright brown.— h:iaidin test gives 
black mass. 

8. .Se.mwir.— Only oil which gives characteristic bright red. 

9. Pappij.—YiiWow immobile spot with orange rings. Turns buff 
on stirring, finally browii-red with di.sengagement of gas. 

10. ^V(Jl)lut Oil. — Yellow spot, which moves (nun ont* sidi* to the 
other, producing (juite an orange jiellicle on surface of oil ; stirring 

‘ produces dark streaks and liberates gas bubbles. 

11. Mustard Oil. — According to Gid’e.vre, gives a ilark ytdlow 
«pot with fibrous streaks, inclining to orange, and a nucleus which 
rapidly darkens. On stirring it gives a red-brown colour. On the 
other hand, according to Heydenreich, black mustard oil behaves 
somewhat like rape, giving a greenish-blue both befori! and after 
atirring. 

Assessinij Linseed Oil bj/ the Tet rahroniide of Tin Test for Hosin 
Oil. — Tetrabromide of tin, 8nBr^ (made by dropping dry broniino 
through a separating funnel into a well-cooled glass flask contain- 
ing granulated tin), gives a characteristic violet-red coloration in 
presence of rosin oil. It is equally delicate and characteristic a test 
for rosin oil in linseed oil as the sulphuric acid spot test. This test 
is due to Allen, and fs a modification of Kenard’s stannic chloride 
SnCl^ test. , • 

These colorations do not as a rule interfere with the detection of 
rosin oil. 

The Liebermann- Store It Acetic Anhydride and Sulphuric Acid 
Coloration Test for Hosin Oil. — Storch has adapted Liebermarin’s 
^colour test for rosin acids for the detection of rosin oil in linseed and 
other oils. From 1 to 2 c.c. of the oil to be tested are agitated with 
;1 c.c. of acetic anhydride with the aid of a gentle heat. After 
iscttfing and cooling the acetic anhydride is drawn off by a pipette . 

1 drop of concentrated sulphuric acid added. A fine but fugitive 



|180 

violet coloration is imparted to the acetic anhydride if rosin oil. 
be present in the oil tested. This test is especially apj^Sicable for 
testing mixtures of rosin oil and mineral oil and rosin. C. Harrison 
asserts that he obtains satisfactory results by the use of glacial acetic 
acid in place of acetic anhydride. Morawski obtained the under- 
noted colorations with the following oils : — 


Oil 

Coloration. 

Oil. 

Coloration. 

Olivo . 

Light green. 

• Palm . 

Brownish-yellow. 

Sesame 

Greenish-blue, gradual. 

Bone fat 


Hemp . 

Green. 

acids 

»> II 

Linneed 


Whale 


Cotton 


stearine . 

II II 

Araohis 

Red -brown. 

Olein . 

II 1 

Rape . 

CJreenish-yellow. 

Crude olive 

Light brown to dark 

CuHtor 

Yellowish. 

acids 

green.. 

Coco-nut . 


Herring 

Cherry-rod to brownish- 

Palm-nut . 



black. 

Beef tallow . 


Sunflower . 

Blue-violet to blue. 


Amssing Quality of Linseed Od by its Flash or the Point at 
which it Gives Off an Inflammable Vapour, Grays Flash-point 
Apparatus {Closed Test). Description. — This apparatus (Fig. 59) 
consists of a brass oii-cup a, of the same dimensions as the oil 
container used in Government Standard Petroleum Testers (Abers). 
On this cup, which is set on a suitable stand, is placed a tight- 
fitting cap or lid. Through the lid a steel shaft passes, carrying on 
the top a small bevelled w'heel h, the bevel of which is milled, and 
on the lower part two sets of stirrers, one of which is below the 
surface of the oil, and the other in the vapour space above. A 
horizontal shaft carried on two standards terminates at one end in 
a bevelled wheel g, which gears w’ith the wheel h, and at the other 
end in a disc c, the outer rim of which is made of bone or other 
suitable non-conductor of heat, and on this disc is fixed a handle b 
for rotating the shaft. This horizontal shaft carries a collar e, from 
which there projects two small pins at diametrically opposite points. 
By sliding the shaft slightly to the right the. bevelled wheels are 
drawn out of gear, and the pins projecting from the collar put in 
position for actuating the testing arrangement. On the lid proper 
there are three orifices, one immediately in front of the test-light dy 
and the other two at either side of it. Above the lid is the sliding 
cover s, in which there are two orifices corresponding to those on 
the fixed lid. When the bevelled wheels are in gear the sliding cover 
is held in its normal position by the spring at p, and the orifices- 
in the fixed lid are covered. When the sliding cover is moved by, 
bringing the pin e in contact with the pin p and turning the dike ^ 
‘ about a quarter of a turn round, the orifices in it coincide with thos^ 
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on the fixed lid, and at the same time the test-light is depressed and 
brought iifto position for producing the flash when the requisite tem- 
perature has been reached. 

In places where gas is not available, a good substitute to use for 
the test-flame may be obtained by pacing a current of air or hydrogen 
through cotton-wool or other consilient medium saturated with gaso- 
line or other light hydrocarbon spirit. 

Process . — Fill the oil-cup a up to the mark inside with the oil to 



Pig. 59. — Gray^s flash* Fio. (H). — Apparatus for determining flash-point of 
point apparatus for^ linseed, etc., oils (closed test), 

linseed oil (open tost). 


36 tested, replace the cap, and insert the thermometer in the tube 
provided for it. Apply a light to the heating lamp, the heat from 
which may be applied either direct or through the medium of a con- 
i^enient sand-bath. Light the test-jet also, and adjust flame to about 
\ of an inch in length. During the heating of the oil the stirrers 
ihould be moved at short intervals by turning the handle b several " 
[imes. The more rapidly the oil is heated the oftener the stirrers 
ihould be rotated. When nearing the point at which the oil is ex- 
^ted to flash, it is advisable to reduce the rate of heating in order 


the ob‘? 0 rvations may be more readily and accurately made. If 
necessary, a rough test may be performed first, to give some'indication 
. of the temperature at which the oil is likely to flash. Observations 
may be taken every degree or half degree, a few turns of the stirrer 
being given between each test. The rate of heating is immaterial 
provided it is not too rapid to allaw of readings being taken. A 
' convenient time is 10 to 20 minutes. 

COMPARISON OF FLASH-POINT STANDARDS OF DIFFERENT 
COUNTRIES. 


(louiitry. 

Apjmratus. 

Prinoi])lc‘. 

°C. 

°F. 

Amerina . . . j 

Tagliahuc and 
Sayliolt to-itttr 
Granier’s 

Close 
and open 

)!« 

85 , 

Belgium .... 

Close 

— 

— 

Denmark 

Datii.sh 

Open 

40 * 

104 

Germany .... 

Abel Pensky’s 
Abel’K 

Close 

til 

69*8 

Great Britain . 

,, 

22*78 

73 

France .... 

Gram<>r’g 

,, 

85 

95 

Holland .... 

PorriHchcr's 

, ,, 

40 

104 

Japan .... 

Burning test 

,, 

40 

114*8 

Austria .... 

Abel Peusky’s 

' »* 

21 

09*8 

Russia .... 

— 

! — - 

— 

— 

Roumania 

— 

_ 

— 

— 

New York State 

Tagliabuo’s 

Close 

87*77 ^ 

100 

Sweden .... 

i)anUh 

Open 

40 

104 

Zurich .... 

Aboljanz’s 

84 

98*2 

Italy .... 


1 

1 



Index of Befractum. — The index of refraction of oils, fats, turps, 
white spirit, etc., is deserving of more trade attention consequent on 
the ease and rapidity in making determinations, a few minutes 
sufiftoing for the whole operation. By the use of this instrument oils 
may be sorted out and mixtures detected. It is certain that anyone 
becoming habituated to the method will never consider an oil labora- 
tory equipped without one or other of the instruments herein shortly 
described. 

The Abb^ refractometers, by virtue of their extmordinary simple 
manipulation (the refractive index ji/d being l^ead off dimctly on a 
gradujfted circle after a single movement requiring no pa^'ticular skill) 
and their extensive i-ange of measurements, embrace refractive 
indices from w/o « 1'3 to «/» » !•?. The refractive index of linseed 
oil at a temperature of 15" C. may be found to be about 1*48140 and 
that of rosin oil about 1*535 to 1*549. The refractometer is mainly 
, composed of the double prisms A, B, which contain the fluid, and may 
^be rotated on a horizontal axis by means of an alidade, J. F is a tele- 
scope for observing the line of total reflection which is formed in^the, 
prism, S is the sector rigidly connected with the telescope on which 
are engraved divisions representing refractive indices. 

k' ‘ * 
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-Iti’tftlring refractive index of liquids, it is convenient to maW^ 
iltoeasurements at a fixed temperature, e.g. 20^ C. The •figure on 

163 exhibits means of causing a heated current of water to circu- 
late about the prisms. 

Jean s oleo-refractometer is also employed for oil determination. 
'Descriptions of the instrument are to be found in publications, and for 
brevity’s sake are omitted. 

Fery 8 liefractometer.^Thm instrument has the advantage over 
Jean s oleo-refractometer in not requiring a certain liquid oil as tvne 
or standard. 

Theory of Fery^e Befractometer . — Its theory is simple. It rests 
on the following facts. In a liquid prism of small angle the devia- 
tion is proportional to (n - 1), n being the index of the liquid con- 
tained in the prism. In fact, if the angle A (Fig. 63) is small, fr, iV 
are also small when the prism is in the vicinity of ‘its minimuqi 
deviation, which is realised in the apparatus. 



We then have : A « (f - r) -f (i' - r'). 

But given the smallness of the angles \ 

Hence i nr and i' « nr\ 

Therefore § « r(n - 1) + r'{n - 1). 

And as (r + r') « A 3 » A(w - 1 ). 

If we annul the deviation of this prism by yie plano-convex lens. 
u, the,gla88 of which has an index N, w'e get for this latter 

( 

- 8 = - o(N - 1), 

i being the angle at the point where the ray deviated by the prism 
ust meets it. At this point, therefore, we have the relation 

A(n - 1) - o(N - 1). 


Hence 



But it is easy to show that in such a lens the angle a at the point 
in questioli is very perceptibly proportional to the distance S (Figs. 
64, 65) which separates it from the optic centre O. We in fact get 
S « K sin a 

or for small angles 8 =« Ka. 

• 8 

By replacing a in [1] by its value drawn from this latter oqui* 
valence, we find 



by causing the constants NA and K of the apparatus to enter into 
the constant K'. The angle A chosen to constitute the prismatic cell 
of tlie apparatus is small enough for the ei ror due to the substitution 
of the arcs for the sinus in the prcc(‘ding formula only to produce an 
error lower than the last decimal ))lac(.* shown by the Vernier. 
h Description of the InHirumvnt.—'Vho. cell containirjg the liquid to 
be examined consists of a hollow prism of a suitable angh*, the faces 
of which are also prismatic, hut so arranged that the whole forms a 
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' system of parallel faces a, h, c, d. The three prisms forming the 
; cell to contain the liquids under examination are cemented together 
in such a way as to resist all solvents and are mounted in a metallic 
lining carrying two horizontal slits 3 millimetres in height. The lower 
Jslit lets light through the bottom of the cell and thus traverses the 
5 J?'i[hoJe of three solid prisms acting like a blade with three parallel 
^l^oes, these three prisms being made from the same glass, which is 
1^ , Special crown glass perfectly resistant to chemical reagents. The 



of fpisikbbi 

^pper slit receives tne rays which traverse the liquid, it is at the toi 
this slit whore the reservoir which holds the lient thermometer i 
; carried by the ground glass lid of this cell is fixed. This first cell is 
."l^aced in a second cell MNl'Q, all metal except the two larger sides 
,MN and I'Q formed by the plano-convex compensation lens, the 
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curved face of which is turned towards the exterior. The space 
included between the two c(‘11h must ho filled with water, which is 
easdy done throu#,^h a funnel visible on the profile view of the 
whole instrument. There must he water hetwi^en the two cells when 
the instrument is being regulated or when an observation is being 
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taken. It is the presence of water — which, however, plays no optical 
r6le in the measurements, for it forms a double plate with parallel 
.faces— which ensures the constancy of the central cell and allows of it 
being raised to the desired degree by aid of a small lamp I which 
v^beats a thermo-siphon. Water may be replaced by any other fluid 



need be; e.g. tor determining indices below O'* C., without fearm|^f? 
any change in the readings. The central cell which slightly overlapi’^ 
the heating cell is closed by a ground glass lid carrying the bent 
thermometer t. The exterior cell is titted with a inetailic lid pierced 
by*a rectangular opening giving a passage to the ctmtral cell. The 
of the two cells bornp liy a slide may bo displaced per- 
pendicularly to the optical axis of the instrument determined by the 
reticula slit of the collimator C and the reticula in the form of a St.. 
Andrew s cross of thf^ lens L. These two reticulie are mobile by 
means of studs b\ In its motion the exterior cell brings in its 
train a Vernier V and a magnifying glass /' in front of a fixed scale, 
by which its displacement can be measured to of a millimetre 

corresponding to of an index. 

^ DeHcriptifOn of the I enner . — The scale is divided from I *33 to* 
1*59, but not to overload tin; liguring, Only the two first decimals are 
indicated. J^jach ot thest^ large divisions which rt‘present almost 
4 millimetres is divided into 4 parts, f^ach of its subdivisions 
2o 

represents or 0 0025. The Vernier is itself divided into 26> 

parts, the total length of which njju’esents 24 small divisions of the 
scab*. 

It is therefore read thus, according to the example shown in Fig. 
67: 39 large divisions jilus 1 small division, which gives 3‘925. 
We further read on the Vernier that it is the division 4 which co- 
incides. The index is therefore 1*3929. 

Jietjnlatnui the Apparatus and Deienninimj the Jndes . — The 
central cell being in position and the exterior cell tilled with water 
up to the superior level of the liquid to he examined, to he certain of 
securing uniformity of temperature of the latter the two colls are 
closed by their respective lids and the height of the thermomekir so 
that its reservoir is yisihle through the upper slit in the cell. The 
bench-marks of the slit of th(.* collimator C are made to coincide by 
means of the stud ^;\and the index of the glass of the coll is caused to 
bo mark{‘d on the Vernier by means of the stud B, an index which 
serves as a starting-jioint and which is (uigraved on each instrument. 
The index of glass is' not affected by the temperature or at least the 
variations orjy affect a decimal point very far removed from vCliat it 
is desired to reach. The reticula in the form of a 8t. Andrew’s cross 
which is carried by the magnifying glass is adjusted by drawing the 
eyepiece. Then the vertical reticula of the collimator is adjusted by 
working the pignon P of the magnifying glass, the apparatus being 
illuminated by monochromatic sodium light. Finally, by means of 
the regulating stud b of the eyepiece the vertical reticula is made to 
coincide with the centre of the cross. There should exist no parallax 
between the centre of the St. Andrew’s cross and the vertical reticula 
of the collimator when the eye is displaced near to the eyepiece. 
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should be obeyed : Once the instrument hi regulated^ the stud B 
should only be used 'to take measurements. In order to*^do so the 
liquid to be examined is placed in the central cell if it be not there 
already, for its presence in no way hinders the adjustment of the 
Instrument. When the temperature of this liquid indicated by the 
thermometer which dips into it ift quite stationary, the stud B is 
turned until a new image appears in the field of the telescope. This 
image is formed by the rays which have traversed the horizontal 
upper slit of the central cell. It is brought to coincide with the 
reticula of the telescope as is done with the image of the glass of the 
central cell and nothing further remains to be done except to read 
the index on the scale of the instrument. Thus regulated, the in- 
strument works between 1‘330 and 1*5326. This adjustment is 
sufficient for the majority of liquids, saline solutions, fl||ity oils. If, 
however, it be seen that the. index is not comprised between those 
limits, it is very easy to measure it; for that purpose, the regulating 
point given by the glass index is displaced to a known extent ; if, for 
example, in an instrument, the glass of which has an index of 1‘5126, 
it be desired to take the refractive index of carbon disulphide which 
18 about 1*634, the bench-marks of the reticula carrying slit of the 
}ollimator are made to coincide by means of b\ there is caused to be 
marked on the Vernier 1*3726 by means of the stud B, and the reticulffi 
ire then made to coincide by manipulating the stud b of the eyepiece. 
The magnitude of the scale of the instrument has been increased by 
)*14 and the instrument works up to 1*6726. It will suffice to bear 
n mind that all the readings must be increased by 0*14, the point 
)f departure having been displaced to that extent. If, therefore, 
1*6227 was found 0*14 would be added, and we would get the index 
lought, 1*6627. 

JV./y. — The point of departure may be displaced betw’een 1*3726 
md 1*6126 by the quantity required to find the desired index. 

Determination of indices at temperatures different from the 
iimbient temperature. The following precautions must be taken if it 
9 desired to work at a temperature above that of the laboratory, 
^he lamp I is lit, the flame adjusted very low, the brass tube making 
I draught, and to which is brased a copper tube of small diameter 
Drmipg a thermo- siphon, heats itself rapidly, an active circulation of 
he liquid is produced. The movements of the therttoometer are 
matched and the lamp is extinguished when the temperature is 0*6 
elow what it is desired to reach. The thermometer continues to 
ise very slowly, then remains stationary before redesoending. That 
i the moment chosen to make the deterniination. At that moment, 
i fact, equilibrium of temperature is completely established between <; 
le different misdia traversed by the ray of light. Working other* 
ise, delay might occur between the indications of the thermometer j 
ad those of the refraotometer, in consequence of which one finds at 



|.iaB same iiempeFaiiiire a nigner index during heating and a Ihwaf hha " 
t tf the cooling be too rapid. It may happen that the index of the'^^ 
’ liquid is very near that of the cell ; in that case the two images of the 
vertical reticula are superimposed and their measurement is difficult. 
In one experiment M. Ch. Fery found a body commercial, eugeuol, 
the index of which at the temperature of the experiment was exactly 
the same as the glass of the cell. *The two images absolutely coincide , 
and the cell may be displaced through its entire length without find- 
ing a second image. In that case it sutiices to counterbalance (bascule) 
a screen not shown in the figure in front of the lower slit correspond- 
ing to the glass, and the image of the liquid subsists alone. In fact, 
if a determination be made on a fluid which is a very had conductor 
of heat like carvacrol, which placed in the cell has a syrupy appear- 
ance, an image cannot he obtained. It must be left for several hours 
for equilibrium of temperature to supervene, or what is more simple, 
hdat is applied, and it is left to cool very slowly until it reaches the 
desired degree at which the index is to he taken. Determinations 
may thus be made of the index of refraction at different decreasing 
temperatures. 

Indkx of Refraction. 

The following results are given for the purpose of comparing that 
of linseed oil with other oils : — 

INDEX OF REj^^KACTION OF RAW LINSEED OIL. 

Strohmorat 14*" C. « 1-4S.% 

„ at IQ^ 0, = 1-4834 
Thornor at CO'^ C. = 1 4060 
Tolman and Triunson at 16*5® C. = 1-4831 

Harvey at 20° C. ~ 1*4800 — 1-4812 
Proctor and Holmes at 15-5° C. - 1*4817—1*4825 
U.S.A. at 26*5 » 1*4795—1*4798 


INDEX OF REFRACTION OP CERTAIN OILS. (FERY.) 


Index determined at 15°, 

eorrwtlon 0*00037 at 15° C. 




' ^ — 


Earth-nut, refined . 

1*47325 

Trotter .... 

1*4^046 

,, „ "^crflde 

1*47816 

Home-foot .... 

1*47095 

Olive, Tunis . 

1-47215 

Castor 

1*47990 

„ Kabylie . 

1-47016 

Almond, sweet . 

1*47410 

„ edible . 

1*47130 

Cotton .... 

1*47440 

„ fine 

1-47070 

Black mustard . 

1*47490 

Walnut .... 

1*47160 

'Lard (oil) .... 
Oleic acid (sap.) . , . i 

Whale (St. Vincent) . 

1*47196 

Poppy .... 

1*47730 

1*46245 

Sesame, crude . 

1*47490 

1*47606 

„ refined 

1*47400 

»?••••• 

1*47926 

Xdnaeed .... 

1*48140 

Cod-liver, Hogg . 

1*48 00 

KeCtsfoot 

1*47550 

„ blonde 

1*48885 



«AW LINSEED OIL IN BUTyROBEERACTOMETKIO DEGREE 


No. <jt 


B. ^on«ma ZcitHdir. f. U„ters. ,1 
Nahr.. u. Gonu,, um, 6, 

31, "Sa 

Olij ,">d Bru,t.Ze,t>„.|,r.f.'tJ„i;™d 

Nahr,- u. Gonu., 17, .^fji 

I 


6 

4 

« 

15 

5 
7 
1 


^C. 


He fraction. 


26 ^ 

iO^ 

2 ff 

15 ^ 

2 fy‘^ 

15'^ 

25'’ 


The followint- ure indies of refniction -o i- - /. 

-o, 


Oil. 


Linsood . 
Cott/on-seod 

ItoHin oil . 
Minora) . 
Pi,sli 


liofrttctivo 

Index. 


1*4H4 ;o 1-48S 
l-47r) 


1*585 , 
I *488 , 
1*180 


1*549 

1*507 


Oil. 


Tui-jicntinc 
liosm (Colophony) 
Mtii/o 


’ 80 * 2 ~ 81-5 
I 71 * 4 — 72*5 

I 82 * 0 — 86*5 

i 87 * 0-91 *6 

81 * 0 — 86-5 

87*3-91*8 

80*0 

of linseed oi: 
rants or other 


HefVftctive 

ludi'x. 


; 1*404 to 1-474 

1*518 

1 *1705 

1*478 (at 20'^ C.) 


Raw liusood oil_lal»,ratm-v standard 
aaniplo . . ^ ^ 

Itetinod raw linseed ^ AtJI 

Haw llnaeod f 20 per oont. rosin oil . + 07'’ 

•’ ■I' M homp-^eod 

oil 


== 1*48075 
= 1*47975 
~ 1*48125 


+ 47®" 


^ >I T AW J 

I'oppy (anlletie) oil 
M n old 

M (prtw/) OttJoutta oil 

Homp-sotKl oil 
Walnut oil 
iiavison ,, 

Oolaa „ 

Hoain * 


+ 20 percent, mineral oil +17 

Um\ nil ^ ' 


old 


= 1*17925 

- 1*47175 

- 1*47^5 
= 1*47025 
= 1*47437 

- 1*47575 
l-«5w 1-4755 

+ = M765 

■*■ ~ 1-47375 

t ll?" ***” = 1-4720 

+ 78 ^ 1*48025 


+ 29^ 
+ 05® 

+ 27*5® 
+ 88® 


■ With some samples the whole field ol the retractometer is blaok. 
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BBPRAOTION OF PURE AND IMPURE LINSEED OIL IN BUTYRO- 
REPRACTOMETBR DEGREES. 


Pure linseed oil (raw) . 

„ „ (boiled) 

Linseed oil + 20 per cent, rosin . 

+ 10 „ . 

+ 5 • 

+ 20 „ ,, oil 

boiled + 20 per cent, rosin oil 
+ 10 
+ 5 

+ 15 „ cotton-seed oil 

+ 15 „ rape oil 

+ 10 per cent, mineral oil 
boiled + ab(jut 80 per cent, of man 
gancse rosinate 


Refractometer Numlier 
at 20*^ C. 


80*5 to 82-2 -- 

1-47875 

80-5 „ 

, 84-2 


above 

100-0 



94-5 =* 

l-4'i075 


88-4 


above 

100-0 


tf 

100-0 



92-7 



88-2 



78-7 



79-1 



89-6 



84-9 



COMPARISON OF REFRACTIVE INDEX WITH Or.EO-REFRACTO- 
• METER AND HUTYRO-REFHACTOMETER AT 22^ C. 
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.2 fc i 

2 1 





S fc 8 

t a 

«i: a 


Bs 

a « 
m g 

II 



H 


P.O 

II 


6 

Gi 


o 



0 


l-462';0 

- 20 

64-8 

1-47100 

+ 14 

68*0 

1-47950 

+ 48 

82*0 

1-46275 

- 19 

55-1 

1-47125 

+ 15 

68-8 

1*47975 

+ 49 

82-4 

1-46300 

- 18 

65-0 

1-47150 

+ 16 

68-7 

1*48000 

+ 50 

82-9 

1-46325 

- 17 

55-9 

1-47175 

+ 17 

69-1 

1-48025 

+ 51 

83-2 

1-46350 

- 16 

56-3 

1-47200 

+ 18 

69*6 

1-48060 

+ 62 

83*8 

1-46375 

- 15 

66-6 

1 *47225 

+ 19 

69-9 

1-48075 

+ 53 

84-1 

1-46400 

- 14 

67-1 

1-47250 

+ 20 

70-3 

1*48100 

+ 54 

84-6 

1-46425 

- 18 

*57-4 

1-47276 

+ 21 

70*7 

1-48125 

+ 55 

86-0 

1-46450 

- 12 

67-9 

1-47300 

+ 22 

71-1 

1-48160 

+ 66 

86-5 

1-46475 

- 11 

58-2 

1-47325 

+ 23 

71-4 

1-48176 

+ 57 

86-9 

1-46500 

- 10 

58-6 

1*47350 

+ 24 

71-9 

1 -48200 

+ 68 

86-4 

1-46525 

- 9 

58-9 ' 

1-47376 

+ 25 

72-2 

1*48225 

+ 59 

86-7 

1-46560 

- 8 

59-4 

1-47400 

+ 26 

111 

1-48260 

+ 60 

87-3 

1-46575 

- 7 

59-7 , 

1*47425 

+ 27 

73-0 

1-48275 

+ 61 

87*6 

1-46600 

- 6 i 

60-2 

1*47450 

+ 28 

73-5 

1-48300 

+ 62 

88-2 

1-46625 

- 5 i 

i 60-5 

1*47475 

+ 29 

73-8 

1-48325 

+ 63 

88-6 

1-46650 

- 4 

60-9 

1-47600 

+ 30 

74-3 

1*48360 

4 64 

89*1 

1-46676 

- 3 ! 

: 61-2 

1-47526 

+ 31 

74-6 

1-48376 

+ 65 

89-4 

1-46700 

- 2 

61-7 

1-47560 

+ 32 

76-1 

1-48400 

+ 66 

90-0 

1-46726 

-- 1 ! 

! 62-0 

1-47576 

+ 83 

75-5 

1-48426 

+ 67 

90-3 

1-46760 

0 i 

1 62-6 • 

1-47000 

+ 34 

76-0 

1-48450 

+ 68 

90-9 

1-46775 

+ J \ 

! 62-8 

1-47625 

+ 36 

76-3 

1-48476 

+ 69 

•91-2 

1-46800 

n *2 1 

1 63-2 

1*47650 

+ 36 

76-8 

1-48600 

+ 70 

91*8 

1-46825 

+ 3 1 

63-6 

1-47676 

: + 37 

77-2 

1-48625 

+ 71 

92-1 

1-46860 

+ 4 ! 

1 64-0 

1-47700 

i + 38 

77.7 

1-48660 

+ 72 

92-7 

1-46876 

+ 6 ! 

64-3 

1-47726 

I + 39 i 

78-1 

1-48576 

+ 73 

93-0 

1 -46900 

+ 6 : 

64-8 

1-47760 

+ 40 

78-6 

148600 

+ 74 

98-6 

1-46926 

+ 7 

66-1 

1-47776 

+ 41 i 

78-9 

1-48650 

+ 75 

94-0 

1-46950 

+ 8 

65-6 

1-47800 

+ 42 i 

79-4 

1-48676 

+ 76 

94-5 

1-46976 

+ 9 

i 65-9 

1-47825 

+ 43 

79-8 

1-48700 

+ 77 

94-9 

1-47000 

+ 10 

66-4 

1-47860 

+ 44 

80-3 

1-48726 1 

+ 78 

95-4 

1-47025 

+ 11 

66-7 

1-47876 

+ 46 

80-6 

1-48750 

+ 79 

95*8 

1-47050 

+ 12 

67-2 

1-47900 

+ 46 

81-2 

1-48626 

+ 80 

96*3 

1-47076 

+ 13 

67-5 

1-47925 

+ 47 

81-5 

— 

j 

i 
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RefractiM of Linseed Oil Mixed Fatty Determinatioi 

are few. Thorner found a refractive index of 1-4646 60° C 

w I 8t Olek and Burst found the butyro-refractometer degree i 
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It will be seen from the pi-eoeding table that, if a sample of raw . 
or boiled linseed oil, examined at 25’ C., is found to give a butyro- 
refractometer number greater than 84-5, it isopen to the suspicion 
of containing an admixture of rosin, rosin oU. metallic rosinates or 

- J 




nineral oil. On the other hand, if the butyro-refraction falls belo^ 
10, then additions of poor drying or non-drying fatty oils must be 
ooked for. Very small percentages are not detected by the butyro* 
efraotometer, but such are not likely to occur in practice. 

The above table shows in how far the refractomoter test coincides 
vith the results of chemical analyse. 

INDICES OF REPIUGTION OF DIFFERENT VEGETABLE OILS IN 
DESCENDING ORDER. 


Oil. 

IS'’ C. 

22® C. 

Linseed 

1*4814 

1-4788 

Caineliua 

1*4800 

— 

Castor .... 

1*4799 

1-4773 

Hemp .... 

1*4777 

— 

Poppy .... 

1*4778 

1-4747 

• Maize .... 

1-47C05 

— 

Walnut 

1-47G2 

— 

Mustard 

1*4749 ! 

1-4723 

Rape . . . . j 

1*4748 ! 

_ 

Colza .... 

1*4745 

— 

Beech . . . . | 

1 4745 

— 

Cotton . . . . 1 

1 1*4741 

1-4718 

Ahnotul . . . 

1*4741 

1-4715 

Sesame . . . ’ 

1-4740 

1 4714 

Earth-nut . . . 

1*4732 

1-4703 

Hazel-nut 

1-47 10 

l-4()y0 

Olive .... 

1-4705 

1-4GH0 


REFRACTION OP MARINE ANIMAL OlliS. 



16® C. 

22® il 

Cod-liver oil, pale 

1-4833 

1*4807 

Japanese fish, oil 

— 

1*4805 

Fish oil . 

1-4793 


Seal ,, . . . 

1 1*1784 

— 

Shark- liver oil . 

1*4776 

— 

Whale oii . 

1-4760 

1*4724 

Sperm „ . 

1*4665 ! 



^ * REFRACTION OF MINERAL OIL. 


RussieuQ| 

American 

Valvoline 
Rosin oil 


D-0'9066 
D— 0-908 
/D— 0-910 
\D— 0-888 
f Russian 
\ American 


15° C. 
1*6012 
1-4992 
1*6111 
1-4894 
1*6016 
1*4920 

1*5126-1*5616 


In* 1895 Hefelmann and Mann used the Zeiss bu tyro-ref racto- 
beter for testing boiled oil and found that the refraction of an 
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adulterated boiled linseed oil was from 80*6 to 84*2 at 25® C. Weger, 
however, showed in 1897 that these figures were unrelin.ble except 
for freshly made boiled oils, or boiled oils which have been carefully 
kept from contact with the air, and which had not been heated for 
long during their manufacture, and not to a higher temperature 
than 180® C. For such he confymed Hefelmann and Mann’s re- 
sults fully. He showed that oxidation and the use of high tem- 
peratures in manufacture greatly increased the refraction of boiled 
oil, and in many cases to 97 or even 99 after 18 months’ exposure 
to the air. The influence of temperature suggests that the refracto- 
meter might be used to distinguish a boiled linseed oil, made 
drying by high temperature, i.e. by heating over a naked fire, from 
one made drying by dissolving siccatives in it at a comparatively 
low temperature. Unfortunately, the differences are not sufficiently 
great, and the expectation has not been realised. Consistency and 
smell are still the best tests. 

Von Neander’s values of the normal refraction are from 87 to 89, 
considerably above Hefelmann’s therefore, and if such a standard 
were adopted, Hidelmanti and Mann’s figures would have to be 
taken as showing adulteration. As Weger has shown, however. Dr. 
Von Neander may have been experimenting with oxidised or highly 
heated oils. The use of monochromatic light, e.g. yellow sodium 
light instead of ordinary diffused light, in the refractometor tests has 
been recommended. In this way the refraction may be read to 
fraction of a degree. The following is the result of experiments 
conducted in the way suggested (K = refraction). A mixture of 
59’7 per cent, linseed oil (U =» HM) with 50-3 per cent, of rape oil 
(K = ()7‘2) gave at the same temperature of 25® C. (K = 75®), and 
one of 73*9 and 26*1 per cent, respectively (R = 77®). To use these 
results in determining an adulteration with rape oil, it is not necessary 
to calculate the indices of refraction as Von Neander does. The 
angles can be used themselves. The equation will be, if 

a ~ per cent, of adulterant present. 

.r =» refraction of pure linseed oil. 
y =3 of adulterant. 

2 « „ of mixture. 

100 {jc - z) 
a *» . 

X - y 

From this equation we have for a in the two cases of admixture 
with rape oil alx)ve given the values 43*9 and 28*7 respectively, so 
that the experimental results are as good as could be expected in 
such a case. 

It may be concluded that although refractometer analysis may 
be made to give fair results, with mixtures of known composition, 
it is not yet in a condition to give reliable results with the very ^ 
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complicated mixtures of unknown composition to which it might be 
applied. * 

H. Wolff investigated how the addition of rosin to boiled oil 
specially affected its normal refraction. He used Zeiss’s butyro- 
refractometer at 15° and sodium light. By using six different sorts 
of linseed oil, and five sorts of ro»in, he himself made a very large 
series of boiled oil in his laboratory and tested them with the follow- 
ing results : — 

TABLE SHOWING EFFECT OF THE PRESENCE IN SOLUTION OF 
DIFFERENT PERCENTAGES OF ROSIN ON THE INDEX OF RE- 
FRACTION OF BOILED LINSEED OUi. 


20 rosin-free boiled oils 
12 boiled oils with 8 per cent, rosin 
12 „ „ ,, 5 

15 10 


10 „ „ ,, 15 
5 „ „ „ 20 


i 


D>weht 

Av»-rago 

1 Maximum 

ButynniiettT 

Hiityroineter 

Butynnimter 



! I)eij;r<‘e. 

! 

BG-2 

88-0 

91-2 

88-5 

90-0 

92-2 

‘.n-H 

' 92-5 

94-0 

%-7 

97*5 

100-0 

Index of j 

Index of 

[ Index of 

Refraction | 

Refraction 

Refraction 

1 •489(5 i 

l-492() 

1-4976 

1 -49(50 ! 

1 -4980 

1-6012 


t 


' With boiled oils containing more than 10 per cent, of rosin, the 
whole field of view is illuminated. The boiled oil is then diluted 
with an equal weight of turpentine oil of known refraction and the 
mixture tested. If the index of refraction found he n<j and that of 
the turps nt then the index of the boiled oil to he determined is 
j! = 2-00 wj - 1-093 ni + 0'003, 

Wolff asserts that in all boiled oils with) a higher density and a re- 
fraction above 92, the rosin should be quantitatively estimated. 

TABLE SHOWING THE INDEX OP REFRACTION OP DIFFERENT 
FRACTIONS OP RUSSIAN, AIjSATIAN, GERMAN, AMERICAN, AND 
BAKU PETROLEUM. (ENGLER.) 



l-Yactum: 14<F-160'’C. 

190^^-210® 

240'’-260M: 

2ir-310° C. 

Petroleum. 


— 

-- 





• 

• 

Density. 

Index. 

l)eiisity.| Index. 

Density. 

Index. 

Density. 

Index. 

Tegernsee 

0-7466 

1-427 

0-7840 

1-437 

0-8130 

1-451 

0-8870 

1-4(56 

Pechelbronn . 

0-7650 

1-421 

0-7900 

1-440 

0-8165 

1-464 

0-8820 

1-462 

Oelheim . 

0-7830 

1-435 

0-8156 

1-450 

0-8420 

1-468 

0-8625 

1-480 

Pennsylvanien 

0-7550 

1-422 

0-7860 

1-439 

0-8120 

1-454 

0-8826 

1 4(58 

Baku 

0-7820 

1-436 

0-8196 

1-461 

0-8446 

1-467 

0 8640 

1 1-475 


'rtie above indices seem in some instances to overlap those of 
spirits of turpentine and of some drying oils. 



that no correlation exists between Bil^f 

INDEX OP refraction AND THE FIGURES EXPRESSING THE ^ 
OXYGEN ABSORPTION PER CENT. ii^At'KESblNG THR 


Liiigeed for varnish-making. . 
M for paint purposes 
M from [rifliau seed 
Paint linseed oil N. 

Linseed oil W, three years old,\ 
not completely sealed . J 
Linseed oil of English origin, \ 
five years old, perfectly sealed j 


Butyro- 
Rerractometrie 
Degree 
at 25« C. 


81-5 

81-3 

80-2 

80*8 


82'2 

85-1 


Butyro- ' Average 
Refractometrie j Oxygen Absorption 
I>egree , per Cent, 

at 40° C. I Glass-plate Tests. 


72*5 

72*4 

71*4 


7G-1 


18-0 

171 


16-4 

19-8 


i» »oS“v“ ?l™ . 


Natural bleached, raw linseed 
oil (oommercial) 

Paint oil A, Table 12, 11 months 
in beaker glass exposed to air 
Paint oil A, treated with fullers’ 

earth at 80° C 

Linseed oil, heated by superheated 
steam to 250° C. . . . 

Varnish linseed oil. Table 4* 
heated for 1 minute to 250° C.’ 
Paint oil A, heated for C hours at 

150° C 

Paint oil N, heated in test tube to 
about 280° C., freed from mucil- 

^0 

Paint oil A, heated in litre flask to 
280° 0., deinucilftginated . 

Paint oil, heated in litre flask to i 

>W C ! 

Paint oil, heated for 40 hours to ! 

180 to 190° C 

Paint oil, heated 5 minutes to 860° 

• * • . . . ' 
Linseed oil W., Table 1, heated : 
in bulk from 100 to 140 and air ’ 
blown, kept 3 years and not ab- 1 
solutely hormetioally sealed . 1 
Cold blown linseed oil, 8 years old i 
I, „ paint oil . , . | 

Paint oil A, warm blow'n . . . 

Cold blown from Indian linseed, • 
Table 3 , , . . 

Hot blown from Indian linseed, i 
150° 0., 20 hours 


I 


Butyro- 

j Refractometrie 
Degree 

1 at 26° C. 

; Butyro- 
Ib'lractornetrir 
1 >egree 

1 at 26° C. 

, Average Oxygen 
j Absorption 
: per Cent, 

i Cll.iss Plate 
! Tests. 

81-6 

1 — 

j 

83-0 


— 

81*5 

72-5 

j 

81-6 

72-5 

16-3 

__ 

72- 6 

73- 7 

j 

81-0 

_ 

1 

1 ®2’1 


16-6 

82-5 

“ 


90-9 



102-3 

- 

6'43 

84-2 

83'4 

73- 6 

74- 2 

14*6 

if' 

80-2 

92-6 

- 

16-7 ' i 
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Correlation^ of Index of Refraction and lodUie Absorption Per 
Cent . — lA the same way the iodine absorption is connected with 
the index of refraction as shown in table. 


TABLE SHOWING CORRELATION OF IODINE ABSORPTION PER 
OENT. OP LINSEED OIL WITH ITS INDEX OP REFltACTlON. 
(THOMSON AND DUNLOP.) • 



Iodine No. (Wg*). 

Butyro-Refraoto- 

Imle* of 
Refrautioii. 

Source. 

meter Degree 
26 “ 0 . 

Riga 1 

206-4 

86-6 


Petrograd 

200-0 

84-2 


North America . . # • 

104-6 

83-2 


Calcutta 

188-6 

81-7 


La Plata 

t 

185-6 

81-0 







But this parallelism, this simultaneous decrea8(3 of both factors 
can only apply to freshly expressed raw oil from fresh seed. 


POLAUIMKTKIC TkSTS. 

The researches of Bishop and Peters on the opticity of a number 
of oils show that with the exception of castor oil, croton oil, and 
rosin oil, only dextro rotations are produced by sesame (high) and 
olive oil (feeble), all the others, including linseed oil, being either 
optically inactive or having a slight lawo- rotatory power. 

1. The Polarmetric Examination of Linseed Oil Sophisticated 
with Refined Rosin Oil (R.R.O .). — According to Aignan such a mixture 
rotates the plane of polarisation to the right by an angle perceptibly 
proportional to the quantity of rosin oil which it contains. If the 
rotation ^cjaserved with a 200 millimetre tube be represented by [a]^ 
and the weight of the rosin oil in 100 parts by weight of the mixture 
by h, we get in the case of a mixture of linseed oil with — 

1. Kefined rosin oil [u]„ =» + \ \ b- 

2. Choice white rosin oil h, 

3. Rectified rosin oil [aj,> = + h. 

The first mixture* is the most common. In actual practice, there- 
fore, ali^fPt has to be done is to measure [ajp by the polarimeter, 
and to estimate h as refined rosin oil, according to the formula 
h « [a]i> \ The oils in question being dark in colour, it is better 
to work in a 100 millimetre tube and to calculate 
h =» [ajo <= 

2. Estimation of Rosin Oil in Paint by the* Polarimeter. — (a) A 
certain amount of the paint is frequently stirred and shaken up with 
etfier and allowed to settle. The ether containing the oil in solution 
floats to the surface and the polarisation tube is filled with the ethereal 



168 TkB MAKtrFACTtmE OF FinNtSHES. 


solution. If no optical deviation be produced, there is no rosin oil in 
the paint tested. On the other hand, if [ajp be the rotation towards 
the right with a 200 millimetre tube, according to Aignan’s researches 
on the rotatory power of an ethereal solution of linseed oil contain- 
ing rosin oil, the proportion of rosin oil may be calculated by the 
formula— . 


h = 


^[dI 

43 =*' 


(h) A known weight of the ethereal solution is run into a flask 
and heated on the water-bath at 100'’ C. (212° F.) so as to drive off 
the ether ; the oil which boils only at 300° G. (572° F.) is left in 
the flask. Let its weight be represented by p^. The proportion 



per cent, of oil (linseed oil and rosin oil) contained in 


the ethereal solution examined by the polarimeter. If = A, it 
may be taken for granted that the paint contained linseed oil free 

from rosin oil. Generally is greater than A, then 100 will give 


the percentage of rosin oil contained in the linseed oil which was 
used to make the paint. 


THE ROTATORY POWER EXERTED ON THE PLANE OP POLARISA- 
TION BY VARIOUS OILS ACCORDING TO DIFFERENT OBSERVERS. 


Oils. 

AuthonticvS. 

Bishop. 

Pott>r.s. 

To.xifr. 

(hrard. 


Aradiis . 

-0*4 

-21 to -fO-5 

0 to + 0*1 

- 0-3 

Beech 

— 



- 1 

- 0-8 

Camolina. 

— 

— 

0-7 

- 2*3 

Castor . 

— 

40-7 

+ 38-5 to - 48 

+ 43 


-2-n 

-pc] 

-0-53 to - PS 

- P3to - 2' 

- 0-8 

Cottou . 

— 

-0*7 

- P3 

- 1 

Croton . 

— 

-{-42*6 

— 

+ 46 

Hemp-seed 

— 

— 

- 0*7 

- 0-5 

Linseed . 

-0-3 

-0-3 

- 0-7 to 0-4 

— 

Maise 





- 1-3 

— 




( Lubricating +l*0toP3j 

-pO-6 

Olive 

-I-0-6 

+0-4 to 1 

Burning 4-10 h 




(Edible -f 0-7 ) 


Poppy . 

0 

t- 

o 

1 

o 

o 

- 0-3 to - 0-5 • 


Rape 

— 

— 

- P3 

+ PO 

Told 

+si\ 




1 hot pressed 

-f 7“2 1 




Sesame-^ 1878 

+ 4‘6V 

+ 5 

■p 6 to + 6’1 

+ 5 

1882 

•+-3‘9 




(India 1884 

+ 7-7) 




Stillingia 

— 

— 

_ 




( 

-6 45® in 

Walnut . 

-0*3 

-0-3 

- 0-7 to - 0-4 ] 

20 mm 
tube 29 




1 

Sacch, ® 

Wood . . , 

! 

— 


— 


* Crude rape. 




THB MYSICAIi PK0PBBTIB8 OF LIN8BBO OIL. lOV 
OPTICAL DEVIATION OF ROSIN OIL AND MINERAL OILS. 


I Rosin Oils. 


Mineral Oils. 


D « 1000 j 

+ 51*7 

9685 I 

+ 44*4 

9849 

+ 41*2 

9768 i 

- 38*7 

9805 1 

+ 36*0 

9854 i 

- 30*7 

9898 ! 

+ 26*0 


Ruasiau D - O IKK) to 0-908 + 16-6 to + 19 
Aiiiericail D <:= 0*883 to 0*910, 0 to + 2 
Rusaiau Valvolinos D = 0*914 + 22*4 to + 26‘fi 
American Valvolinea D = 0 882 to 0*890,0 to + 0*8 


I 



CHAPTER IX. 

THE ADULTERATION OF LINSEED OIL. 

Oil CrmUi^. Hot and Cold Pressed Linseed.-KM and An- 

iZofld f«'0“ powdered 

hnsoed-oil cake. Microscopic examination showed that thLriginal 
eed had contained less than 10 per cent, of foreign seed Th?L 
trackd fatty matter was not rancid, but white, solid, and granular 
rltt save, with alcoholic silver nitrate, fdecided 

^noludcd that the oilcake contained an addition of forei^^n fat 
Mastbaum did not agi-oe with this conclusion, arguinL^ that during 
pressing a flow of diHerent glycerides may take place ^and that thf 
lighter fluids would be the hrst to leave the presi. Faszbender and 

ot iinsood with 9 per cent, of foreign seed, of which 5-3 ner pent 
was cruciferous seed, wore divided into two portions, of wdiich one' 
portion was prepared, the other not. Then llh were pressed^ first 
m the cold, then hot pressed, then extracted with petrLmm ether 
and then the iodine values of the oils determined.*^ The extract 
oil amounted to 37 per cent. exti acted 

table showing variations in ANALYTICAL RESULTS OF COI D 
AND HOT PRESSED LINSEED OILS 



Prei»arc‘d. 

Cnprt! pared. i of 

1. Cold presaod 

II. Pressed at 70“ C. . . . ‘ 

Hi. ^.Extracted by petroleum otlier . 

ISO'3 

180-3 

179-9 

1 

180-5 25 per cent. 

• 176-3 1 12 

162-5 ! -1’ 




that?f“tlf "'•‘h the impurities in linseed oil is' 
ttn 2 S of impurities is due to the contamina- 

tion of the oil seeds with other seeds. If these foreign seeds be oil 

Theiricr (“) yield of oil, oi (i) its quality., 

ta m'xed w th thG r’ i •>® ‘hen their oil Intent 

noSfoT !h r ^'■0“ ‘he linseed and affects the chemical com- 
W” n crushed from such impure seed. Accord- 

to Wijs (1) Dutch seed contains little foreign seed ; (2) La Plata seed) 
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as most ; 5 per cent, at least, but almost exclusively oil-free seed; 
Lgain (3) British-Indian linseed rarely exceeds 6 per cent, of 
jreign seed, and these are mostly oil-free, but occasionally 1 per 
ent. of brassica (rape-seeds). There comes from (4) Calcutta, 
very inferior grade of linseed which is said to be shipped with as 
ttuch as 20 per cent, of foreign »oleiferous seeds; (5) South llussiaii 
31ack Sea seed is apparently pure, but it mostly contains brassica 
eeds. Again (6) North Russian Baltic seed is impure — 5 per cent, is 
ittle of foreign seeds, 10 to 20 per cent, is often present, and if higher 
lonstants be found only brassica and camelina seeds are present; 
7) North American seed is apparently always pure, and such foreign 
eeds as are present are seldom oleiferous. Faszbendor and Kern 
ound seed to contain up to 10 per cent, of foreign seed, chiefly 


sruciferous, such as rape, brassica, hedge mustard, rapbanus, mus- 
ard sinapis. According to the specification of the Incorpoiutt*d Oil 
k^ed AssocUtion of London, good linseed should not contain more 
han 4 per cent, of foreign seed. The manner in which the oil from 
,he above-known seeds affects the known constants of linseed oil is 
ihown in the following table. 


IWBLE SHOWING THE IODINE VAIAIE OF (a) LINSEED 011^: (h) OJ 
THE OILS FROM THE FOREIGN SEEDS WITH WHK’Jl IT IS 
LIABLE TO BE MIXED, THE FIGURES ARE THOSE OF KETEI 
AND ANTUSCH. THE OILS AltE EXTRACTED BY PETROL. EI'HKR 


Oils from — 


l<xlin«* Vtiliu* of tin* Oil, 


Pure linHoed 


,, camelina seed 


,, colza seed 


1)0 per cent, linseed 

f 10 ( aiiirlina . 

H5 

+ 15 . . . 

80 

-h 20 

90 

+ 10 colza 

85 

+ 4 camelina + 1 1 colza 

, 90 

+ :) ,, i 4 „ . 


I 


1HM87 

MO 

101 

17'.) 

172 

170 

17H 

174 

170 


Foreign seeds in linseed, therefore, alter the composition of the 
linseed oil extracted therefrom in the same way as when other oils 
are ad^ejiAo it. Of the four oils here given (1) hedge mus'^rd oil,, 
raphanus, is not crushed for oil ; (2) mustard seed is, as a rule, deareir^ 
than linseed ; (3) camelina oil is seldom met with ; and (4) rape. In? 
Belgium, Holland, the Balkan Btates, and Russia the plants arer 
extensively cultivaljed, and L. K. And6s asserts that linseed oil can be 
mixed with its own weight of camelina seed without affecting its drying;^ 
properties. But it has already been pointed out that in linseed oiU^ 
crushing other points require attention besides the suitability of tho,. 
oil for its intended use. Now the oil from camelina sativa leaved 
a residual cake which is too acrid for cattle (“ Gardener’s Chronicle/'^ 
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contaiLg cime^L^aTetoffg runtlins^^^ receives a cargo of linsee 
O'l cake from it thrown on his hands^if 

crusher must boar in mind that til “ ^ delivery. Th. 

organoleptic tests to linseed cake 

pass both taste and smell. A linstid nil T' ‘'“cyshoulc 

or other cruciferous seed eg rane cake acnd from camelina 
If oil chemists, pure and sfmple, gloss ot?* “°°‘^«'«''cd, 

camiot. Besides oil containing llciferous nT ' crusher 

w on used as a vehicle for white lead. ' ^ *° darken 

TABLK showing the GHE\rrr'AT awr 

SEED orr, CAMELINA O^L KApt oiL "Jn CONSTANTS OP LI 
TAHO OIL. Ofl-- mustard OIL, HEDOE Ml 


Lifisueil 

Oil. 


C'am«Iii)a 

Oil. 


Riipe Oil. 


Mti.staiil. 
«ml Oil. 


• . 

Solidification-point 
Index of refraction 
Acid number 
Saponification number I 
Iodine number 
tJnsaponifiable ! 
Melting-point of fatty , 
acidH . . y 

Solidification-point of | 

labty acids . 


Hedtje 

Mustard Oil 


0-930-0’9HG 0-923.0-9O7 

C. -istoirc. 


! 


Up to 6 
139-195 
170-200 
Up to 2% 

17.2r 

13- 17"* 


185-188 

135-163 



0-913-0-917j0-91fi-0-920 0-9175 

Oto-G C.| - ij.yc. Below 0-8<’( 
09 I _ 

Up to 3 ' 

174-182 
103-122 


G7°-G9-2 
Up to 4 
1G7-179 
94-lOG 
l-0.1-57^ 


174 

105 


15-17° 

15-6° 


number and iodine Mmbir saponification 

oil. Such an addition wodd HStthT"^ P^‘“« '‘“'’ood 

oil contains an unsaturated fatty acid charact imseed oil. Bape 
of all cruciferous oils, crude acid C H O 
molecular weight and the lower saiSnifiScon , ’‘f 

l^^rucic acid is differentiated from i 

hiKh ni.p., 34” C., alsrb the u °‘«'o add by its 

solves in ether. ^ Acuity with which its Iw^^lt dis- 

quiokest, and blfway to detect rolza^* l‘r Off— The easiest, 

oil is by the elaiden tost with dacken ordinary rape 

an experience of many years the authn! ‘herewith. During 

of commercial colza or^rape oil that “ ®®"'P*8 

blackening. Holdeand Marine ^ respond to this test by 

of the fatty adds of the oil to touted ^ grammes 

or % «... 
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st tube whilst stirring with a glass rod, and by the aid of a freezittg 
lixture, Jo - 20° C. A precipitate occui*s which consists chiefly of the 
iterated fatty acids of linseed oil, myristic, and palmitic acids. It is 
rained in a cold funnel at -20° C. and washed with cooled alcohol. ^ 
he filtrate is evaporated, the residue dissolved in four times its 
jlume of 75 per cent, alcohol, and the solution cooled to - 20° C. 

’ mpe oil be present, after a lapse of an hour a crystalline precipitate 
[ erucic acid occurs. It is drained and washed with 75 per cent, 
icohol. It then appears pure white, hut besides erucic acid it con* 
bins other acids, the removal of which is not necessary. The acid 
lixture is dissolved in much ether or benzol, the filtered solution 
mporated, and (1) the melting-point, (2) acid value, and (3) moh'cular 
reight determined. The melting-point is under 30° C., the molecular 
reight between 310 and 320, and the iodine number about 00, erucic 
cid 75*1, of the other vegetable oils known to he ustnl as linseed oil 
iulterants ; the principal ones are, (1) cotton-seed oil, (2) maizi^ oil, and 
}) soya-beah oil. (1) (btton-seed oil is derived from the seeds of 
le cotton plant, and produced since the sixties of last century in 
irge quantities, chiefly in the U.S.A., and after suitable refining brought 
n to the markets of the world ; (2) maize oil is another U.S.A. product, 
xtracted from the germ of the seed of zea mais. In the U.S.A. its manu- 
icture has, of late years, become very important ; (3) the soya hcMin is 
10 product of a shrubby plant, up to now almost exclusively culti- 
ated in Manchuria. It first appeared on the world’s markets a few 
ears ago. The first cargo was landed in Germany in 1910. All 
iree oils are pale yellow in colour, and when refined almost without 
iste and smell. Their constants are given in the following table, 
nth those of linseed oil in parallel column for better contrast. 


'ABLE SHOWING THE CHEMK'AL AND PHYSICAL CONSTANTS OF 
LINSEED, COTTON-SEED, MAIZE, AND BEAN OILS. 



Linseed Oil. 

Cotton-seed 

Od. 

Specific gravity at 15® C. 

o*930-o-9:u; 

0-922-0-9:K) 

Solidification-point 

- 8 to - 20®C. 

- Ito-f 4*C. 

Butyro-refractoraer 

Degree 

80-85 

67-75 

Equal index of 



refraction of acid 


1 

number . 

Up to 6 

Saponification number 
Iodine number . 

189-195 

191-198 

170-200 

101-117 

Hexabromide number . 

22-37 

0 

Unsaponifiable . 

Up to 2 

0*7 to 1-7®/, 

Melting-point of the 
fatty acids 

17-21® C. 

34-43® C. 

Solidifying-point of the 
tatty acids 

13-17® C. 

28-36® C. 


Maize Oil. 


0*tI21 -0-924 
-10 to -l-O'^C. 

77*5 


188.19.S 

111-180 

0 

1*3 to 1-6 
16-23'* C. 
13-16® C. 


Cliineae 
Bean Oil 
(Syya). 


0-924.0-y2U 
- 14 to -16® C. 


Up to 6 
190-193 
121-137 
1 ■2-2-9 
0-2 

26-29® C. 
23-25® C. 



The high melting-point of cotton-seed oil fatty acids, with their 
wide range of melting-points, is characteristic. It also com^s on the 
market as stearine-free cotton-seed oil, which during prolonged storage 
in the cold has deposited a large amount of its solid glycerides. For 
the special detection of cotton-seed oil many different colour reactions 
are given, but none of them are free from objection, at least none such 
as are to be found in the literature. e silver nitrate test, according 
to Milian, is applied thus : Five c.c. of the mixed fatty acids are 
•dissolved in 15 c.c. of 90 per cent, alcohol, the solution heated to 
incipient ebullition, then 2 c.c. of silver nitrate solution, 30 grammes 
in 1(X) c.c. of water, added. Two per cent, of cotton-seed oil gives 
a characteristic brown colour. 

In Malphen’s reaction a 1 per cent, solution of sulphur, in carbon 
disulphide, acts as the reagent. Kqual volumes of amyl alcohol and 
the above solution are shaken in a test tube (for to ^ hour), placed 
in a boiling solution of common salt, the CS^, is evaporated to about 
6 per cent,, when the cotton-seed oil assumes an orange-red to red 
coloration. 

Hoya-hean oil as a new comer has been little studied. Its “ con- 
stants,” to som(5 extent, approacli those of linseed oil, so that small 
quantities in lins(ujd oil would be ditlicult to detect. Mcister found 
it so. Mi'isti^r regards soya-bean oil as a fair dryiiig oil. But it has 
several drawbacks. It bleaches better than linseed oil but darkens 
more on lieating with driers. Moreover, the oil skin or coat obtained 
from btuui oil is softer and more easily abraded. Finally, bean oil 
and the boiled oil derived from it exhibit peculiar properties. It does 
not dry out to a uniform film like linseed oil but generally in irregular 
flakes and streaks which dry lustrous, whilst the smooth paint dries 
flat. Apparently it can only he used in admixture. Meister limits 
the amount of bean oil that can be added to linseed oil to 25 or 35 
per cent, at the most. 

Linseed Oil Sophisticated with Maize Oil . — As to maize oil its 
detection is much more delicate ; a colour reaction has been given for 
its detection in linseed oil, hut it has not been confirmed. If the ad- 
dition of concentrated sulphuric acid gives a characteristic grey colour 
lasting for a minute, then the solution of the oil in carbon disulphide 
gives a violet colour with a drop of concentrated .sulphuric within 24 
hours.., Moreover, maize oil contains sitosterin instead of the usual 
phytosterin of m.p. 137'5 to 138, and this fact is utilised in it^etection. 

The iodine number of maize oil is too high, ivltogether abnormal, 
thus differing from the iodine number of number 2 and the iodine 
numbei’s of different authorities : 123*3 to 124*6 Tortelli and Kuggieri, 
116*3 Smetham, 130*8 Lewkowitsoh, 122*7 Archbutt. Cotton-seed 
oil will lower the percentage of liquid fatty acids in linseed oil to a far 
greater extent than maize oil or any other vegetable oil. 

Linseed Oil Sophisticated with Fish Oils . — Several fish oils Ure 
Added to linseed oil. Their usually high iodine number favours the 



SUABLE OF COMPARISON OF PHYSICAL AND CHEMICAL DATA dfl 
^ TWO POSSIBLE ADULTERANTS OP LINSEED OIL, VIZ. COTTON- 
4 SEED Oil and maize oil. 
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Cotton oils : — 








Cotton planters 

68 

164 -07 

\ 107-16 

19-49 

112-6 

i 08 5 

86 to 87 

Aldigo 

67-26 

194-87 

104-75 

20-06 

111-5 

j 63 


Deliuonus 

67-25 

200-4 

106-62 

28-04 1 

118-2 

60-5 


Cotton-park . 

68-28 

1 194-45 

107-1 

19-28 : 

118-06 

i 58 


Maize oil 1 . 

71-25 

188-11 

147-60 

20-68 

161-40 

1 78-6 

18 to 20 


70 

180-82 

124 50 

22-76 

1 

180-20 

72 

- 


• ■ ■*' 

adulteration. ^The chief adulterants are (1) commercial cod oil (the 
medicinal oil is too dear), (2) sardine oil, and (3) more especially in 
U.S.A., menhaden oil. God oil comes from Newfoundland, Norway, 
and the East Coast of Great Britain, th(5 oil is sometimes allowed to 
exude from th(5 livers spontaruiously, or it is expressed. Sardine fish 
oil, from the Spanish coast, is olrtained from a w(*Il-known small fish. 
In the literature its composition is mixed up with Japaruise fish oils, 
but that is not correct. The Spanish sardine oil lias the. highest 
•iodine number of any fish oil, whereas most Japanese fish oils have very 
low iodine niimbera. Menhaden oil is obtained on the coast of North 
America, from a fish allied to the herring ( ? mackerel). Figures for 
fish oils vary greatly, partly owdng to the condition in which they are 
auirketed, through freeing the oil by cooling from a portion of its 
solid glycerides, fish tallow and such oils differ to the extent and 
manner in which the crude oil has been freed from solid fat. J. 
Hertkorn tried by extreme cooling under specially (Jahorate conditions 
to force the oil to deposit its solid fat and to use the thin fluid oil so 
obtained as a linseed oil substitute. 


TABLE SHOWING THE CHEMICAL AND PHYSICAL CONSTANTS OP 
LINSEED OIL, GOD OIL, SARDINE OIL, AND MENHADEN OIL. 



• 

Linseed Oil. 

Cod Oil, 

Sar<llue Oil. 

Menhaden 

Oil. 

Specific gravity at 16° C. 

0-930-0-936 

0-920-0-980 

0-928.0-934 

0-926-0-988 

Solidification-point 

-8to-20°a 

Mostly over 0° 

Mostly over 0° 

— 

B u t y r 0 -refractometric 
degree 

80-85 

80-85 


80-83 

Equal to an index of re- j 
fraction of acid number | 

1 Up to 6 

Up to 26 

i Up to 20 

Up to 16 

Saponification number . j 
lodiqe number . . 1 

Hexf^romtde number . j 

189-195 

182-187 

188-194 

188-193 

170-200 

160-170 

170-200 

145-176 

22-37 

38-48 

— 

— 

Unsaponiflable 



Up to 2 

Up to 2 

Up to 2 

Up to 2*2 
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I^he characteristic smell of fish oil is the chief method of detecting it. 
But almost odourless sorts are on the market. The smell of the original 
fish oil, however, reappears when the deodorised oil is warmed by rub- 
bing between the palms of the hands. Bearn, on treating a suspected oil 
with steam and collecting the distillate, found an unmistakable fish 
smell. Even 2 per cent, of fish oil can be so detected. A whole 
series of colour reactions are givetf for the detection of fish oil, but 
none are reliable. On the other hand, the unsaponifiable should lend 
itself without objection to the detection of fish oil, but up to now no 
such research has succeeded. Lippert separated the unsaponifiable 
from a fish oil and examined it closely. He obtained a thick un- 
pleasant-smelling oil readily soluble in acetic acid, like rosin oil ; the 
solution gave with acetic acid a bright red colour. Later he isolated 
cetyl alcohol from the unsaponifiable with a m.p. of 50'^ C. Up 
to now that alcohol has only been identified with certainty in 
walrus oil. Gholesterin occurs in ordinary fish oil. It has been 
already shown that linseed oil unsaponifiable on three trystallisations 
from absolute alcohol yields phytost(;rin crystals of m.p. 137'5 to 
138" C. Fish oil does not seenf to be capable of detection in this 
way nor by the so-called phytosterin acetate test. In that test the 
unsaponifiable from 100 grammes of oil and 2 to 3 grammes of acetic 
anhydride are heated to boiling for .1 hour in a small porcelain basin, 
covered with a watch glass and the excess evaporated on the water- 
bath. The resulting acetyl-ester is as often as possible crystallised 
from absolute alcohol and its melting-point determined. Phytosterin 
acetate from linseed oil melts at 128 to 129° C. The cholesterin 
acetate from pig’s fat melts at I13*fi° C. II. Bull separated highly 
iinsaturated fatty acids from fish oil, their sodium salts being sol- 
uble in a little absolute alcohol containing ether. He believed such 
fatty acids maybe used to detect fish oil in linseed oil. On the other 
hand, Frujiinoto isolated from various fish oils an unsaturated fatty acid 
with four double bonds, clupadonic acid, 0 jgn.^gO 2 , and in the form of 
its octobromide, CigHjgBrgO.,, insoluble in ether. This octobromide 
is differentiated from hexabromlinolenic acid, of m.p. 175 to 180° C., 
by the fact that it blackens at 200° C. By aid of this property 10 per 
cent, of fish oil can bo detected in linseed oil. 

Adulteration of Raiv Linseed Oil . — Amongst other adulterants than 
glycerides, mineral oil, rosin oil, and rosin occur, whilst the first-named 
oil, linseed oil, still remains so cheap that even slighrtr'^idulteration 
therewith is profitable. Rosin was formerly cheap, as low as 28. 6d. per 
cwt., and in those days rosin oil was the classical — the one and only — 
adulterant, but in the last three decades rosin has risen in price 
twelvefold or more and now rivals some of the cheaper copals. 
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TABLE SHOWING CHEMICAL AND PHYSICAL CONSTANTS OP LIN- 
gEED, MINERAL AND ROSIN OILS, ALSO ROSIN. 


Specific gravity at 15*^ G 
Refraction at 15° C. 
Acid number . 
Saponification number 
Iodine number 
Unsaponifiable 


Linseed Oil. ' Mineral Oil. 


. 0-930-0-93C • 0-8d)-920 
1-4844-488 : 1-439-1 -508 
Up to 6 ' 0 

189 196 i Up to 8 

I 170-2(X) 1 Up to 14 

i Up to 2 p.c. I 97-100 p.c. 


Rosin Oil. 

Uosijj. 

0 96-0-9‘K) 

About 1*1 

1 '536- 1-550 

1-648 

Up to 60 

140-180 

Up to 65 

lGO-190 

45-48 

140-180 

70-90 p.c. 

Up to 15 p.c 


Mineral Oil afi an Adulterant of Haw Linseed Oil . — Minnnil oil 
used to reduce linseed oil consists of a certain fraction from criult? 
petroleum or certain fractions of shale oil distillates— fractions which 
arf exclusively unsaponifiable hydrocarhides. Its acid numlx^r is 
therefort' 0, although some sorts contain traces of sulphuric acid from 
the refining. The saponification number should likewise be 0, al- 
though, as a rule, on treatment with alcoholic potash, 1 or 2 per cent, 
is absorbed. The saponification number and the iodine number of 
linseed oil are necessarily lowered by mineral oil, whilst the pei- 
centage of unsaponifiable is incnaised. Qualitatively the presence 
of mineral oil in linseed oil in not too small a quantity is detected by 
^tb(- so-called water reaction. One gramme of the 8nsj)ected oil is heated 
in u test tube, with constant shaking, with 5 c.c. double normal alcoholic 
potash. Pure linseed oil gives, after a few minutes, a clear soap 
solution, which remains clear on the addition of water. Linseed oil, 
containing mineral oil, does not give a clear solution, even on long boil- 
ing. and on the addition of water turbidity piu'sists. Th(j insoluble 
mineral oil separates out on long standing. With a small amount of 
mineral oil the alcohol solution may remain clear, but on adding water 
it becomes cloudy. Thoms and Fendur have shown that pure linseed 
oil contains less than 2 per cent, of a homogeneous wax-like mass, 
completely soluble in warm alcohol, with an iodine numh(!r of HO to 90, 
On the other hand, the unsaponifiable in the presence of mineral oil is 
in greater part fluid, from which phytostcrin crystals separate out on 
heating with 90 per cent, alcohol. Small drops remain undissolved. 
The weight is more than 2 per cent, and the iodine number below 80. 
In a sperlai*l!&se a linseed oil gave 2*86 per cent, unsaponifiable, with 
an iodine number of 38*2. A pure linseed oil was mix^d with 2 per 
cent, mineral oil, and on analysis the percentage of unsaponifiable 
had risen from 1*06 to 2*82, and the iodine number fallen from 83*9 
to 35 per cent. Therefore the opinion that the suspected oil contained 
2 per cent, mineral oil was confirmed. It is to be remarked that such 
a small percentage need not necessarily imply adulteration, as the 
hydraulic presses in oil mills instead of water are often sprinkled 
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expressed oil. Again it is possible during tbe analysis for light 

; mineral oil on prolonged heating to 90 to 100° C. to lose at most 
a per cent, or two of its weight. 

liosin Oil as an Adulterant of Itaw Linseed Oil . — Rosin oil is pro- 
duced by the dry distillation of rosin ; it consists mostly of hydro- 
carbides, but it may also contain a pertain content of rosin acids and 
anhydro-derivatives of the same. It does not therefore lower the iodine 
number nor the saponification number of linseed oil to such an ex- 
tent as mineral oil. On the other hand, it increases the specific gravity 
and the degree of refraction, but more especially the optical deviation, 
which of linseed oil is practically nil, but is increased up to 50° in the 
presence of rosin oil. Argnan first used this test for the detection of 
rosin oil in linseed oil. Mineral oil differs from rosin oil by its high 
iodine number and by its greater solubility in alcohol, therefore greater 
quantities are refiuirod for the water reaction. Finally rosin oil with- 
stands the action of nitric acid to a much less extent than mineral 6il. 
If a mixture of both be heated with nitric acid of specific gravity 1*2, 
diluted with water and shaken up with ether, almost all the mineral 
oil is separated. The Storch-Morawski test ^ applies not only to 
rosin oil but to the mother substance, rosin itself. One to three 
drops of oil to be tested are heated to boiling in a test tube with 
2 to 3 c.c. acetic anhydride. On complete cooling one drop of con- 
centrated H.jS 04 is added without running down the inner side of 
the tube. On gentle shaking a beautiful violet fugitive coloration is 
produced. 

Source of liosin . — Rosin remains as a residue when turps is dis- 
tilled from turpentine-oleo-resin. It consists chiefly of abietic acid, 
an unsatumted cyclic acid with two double bonds but con- 
taining a small quantity of hydrocarbides. Dissolved in linseed oil it 
increases the viscosity (consistency-body), the specific gravity, and the 
acid number. On the* other hand, the saponification number and the 
iodine number, as well as the unsaponifiable, are not influenced to a 
very appreciable extent. The index of refraction, as with rosin oil, 
rises, e.g. R. Schinok found the refraction of a linseed oil at 40° G. to 
be 71*5 bu tyro-ref raotometric degrees ; the same oil with 20 per cent, 
rosin from various sources gave 90*7 to 92*3°. Under the water re- 
action rosin behaves normally. For the detection of small quantities 
of rosin the suspected sample of linseed oil is treated with 80 per cent, 
alcohol ; rosin when present in quantity will be founcfm ‘the evap- 
orated residue. Abietic acid is distinguished from fatty acids by the 
fact that on leading gaseous HCl into the alcoholic solution, it is not 
etherified. Twitchell has accordingly based a method for the quanti- 
tative estimation of rosin. This method has been made handier by 
H. Wolff. The estimation of rosin, in a rosin fatty acid mixture, is 

^ This test is better known as the Liebermann>Storoh reaction. The reader 
will notice that the test has been, previously referred to by the author for some 
reason or other as the Storch-Morawski test. 
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determined thus : 100 c.o. alcohol (95 per cent., or absolute) are at 
summer temperature mixed with 20 to 25 o.c. concentrated HjjS 04 , 
and 0*5 gramme ground potassium bisulphate. Five grammes ol 
the fatty acid mixture to be tested are dissolved in 16 c.c. absolute 
alcohol and the solution heated with 30 c.c. of the above alcoholic 
H 2 SO 4 , etc., for 10 to 15 minutes, in a reflux condenser. From 400 tc 
600 c.c. of water are added throu^ the condenser tube, and the fluid 
shaken with a mixture of ether and petroleum other. The extract is 
washed three times with water, then mixed with 4 parts of alcohol, and 
neutralised with -J normal soda NaOH. The result is calculated 
to abietic acid, the molecular weight 850 being adopted. As a controlj 
the rosin acids may he estimated by the gravimetric method. 

Effect of Adulterants on the Dryin>y of Haw Linseed Oil , — Linseed 
oil is the drying oil par excellence, if we know a priori that all 
adulterants and doctored products impede its drying. The oxygen 
absorption is in that case lowered. The falsiflcation of linseed oil by 
other oils prevails to some extent, especially when it attains an ab- 
normal market figure. Well-known semi-drying oils are used as lin- 
seed oil substitutes, resulting in the drying proceiis of linseed oil 
being affected. In two special researches soya-bean oil and different 
fish oils have been found. 

The following results were obtained by comparative tests with 
linseed oil and bean oil, also mixtures : — 

I 

EFFECT OP ADULTERATION WITH SOYA-BEAN OIL ON DRYING 
AND WEIGHT OF OXYGEN ABSORBED PER CENT. COMPARED 
WITH LINSEED OIL. 




Linseed oil, raw .... 

Bean oil, raw .... 

Linseed oil bleached by fuller’s earth 

Bean oil 

Linseed oil 1 hour heated to 2b0° C. 

Bean oil 1 hour heated to 260° C. 

75 parts B,, 25 parts L., raw 
SO „ „ 60 „ • 

^ M 76 ^ „ M 

Linseed dri vnth 2 per cent, manganese rosinate 
B^u oil with 2 per cent, manganese rosinate 
Linseed oil with 2 per cent, lead rosinate . 

B^u oil with 2 per cent, lead rosinate 
litiseed oil with 2 per cent, lead manganese rosinate 
Bean oil with 2 per cent, lead manganese rosinate 
T6 parts L,, 25 parts B., 2 per cent, mn. rosinate 
75 „ „ 26 „ „ 5 „ pb. mn. rosinate 


Time of 

Oxygen 

Drying, 

Absorption, 

liourH. 

Pf-r Cent. 

78 

llJ-6 

144 

16-9 

72 

20*7 

120 

101 

72 

18'7 

114 

18-8 

188 i 

' 17-3 

114 

16*7 

114 1 

16*0 • 

8 1 

17*9 

13 i 

18-7 

86 i 

17-2 

62 

16*4 

7 

18-1 

13 

16'4 

14 

14*1 

8 

4*1 



OXYGEN ABSORPTION PER HOUR OP; (1) RAW LINSEED OIL. (2) 
RAW SARDINE OIL. (3) BOILED LINSEED OIL. (4) BOILED SAR- 
DINE OIL; AND (5) A MIXTURE OP 76 PER < ENT. LINSEED OIL 
and 26 PER CENT. SARDINE OIL. (MBISTER.) 


Hours. 

I.inHced 

Oil. 

Sardine Oil. 

0 

Boiled 

Linseed 

Oil. 

Boiled 

Sardine 

Oil. 

Boiled Oil : 

75 per Cent. 

Linseed. 

25 per Cent. 
Sardine. 

1 


3*8 






2 

0*1 

7-2 

— 

12-1 

— 

3 

0*3 

10-1 

6*7 

17'2 

10-9 

6 

0-5 

14-1 

12-2 

19-7 

18*5 

8 


16-8 

— 

— 

15*5 

9 

0-6 

16-7 

14-8 

— 

15-6 

10 



— 

19 ‘8 

— 

11 



17-9 

— 

— « 

— 

12 

0-7 

— 

— 

19-8 

15-9 

22 



19 *9 

— 

17'7 

— 

24 

4-2, 

— 

10‘3 

! — 

— 

28 


18-3 

— 

1 - 

— 

30 




14*2 


— 

48 

9-8 

18-9 

12-4 

j 15-6 

15*1 

64 

10*2 

— 

— 

1 14-7 

— 

72 

16*8 

16*1 

12-2 

— 

75 

19*2 

15-6 

— 

1 __ 

18*1 

96 



16-4 

— 


12*9 

120 

19-0 

16-2 

12-3 

1 15*2 

144 

18«7 

16*1 

12'2 

14-9 

— 

168 



16-9 

— 

U-2 

— 

200 

— 

15*6 

12-0 

13 -8 

12'7 


U.S.A. STANDARDS FOR RAW LINSEED OIL. 


Specifio gravity at 15*6® 0. 

„ „ at^ie^C. . 

Turbidity and foots 
Moisture and volatile matter 


(a) 


Acid number in MgsKOH 
Saponification number 
Unsaponifiable matter . 
Refractive index . 

Iodine number . 


• 1. 

2. 

3. 

4. 

0*9346 

0*9329 

0*9333 

0*9342 

0*9299 

0*9284 

0*9285 

0*9295 

0*78 c.o. 

0*35 

0*40 

0*66 

0*066 per cent. 

0*082 

0*171 

0*051 

0*041 „ 

0*078 

0*191 

0 044 

0*136 „ 

0*024 

0*038 

0*166 

1-11 

«*335 

1*79 

1*64 1 

190*76 

190*5 

192*2 

190*4 

1*00 

0*966 

tr^2% 

1*01 

1*4798 

1*4796 

1*4797 

1*4797 

186*36 

183*9 

186*37 

186*1 
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A raw linseed oil should be considered pure when it tests betweer 
the following : — 



Maximum. 

Minimum. 

• 

Specific gravity at 15-5° 0 

0-98fi 

0-932 

„ „ at 26" C 

Acid number 

0-931 

0-9270 

6-00 i 



Saponification number 

192 

189 

Uusaponifiable matter 

1-50 percent, j 

i — 

Refractive index at 26® C 

1-4806 

i 1-4790 

Iodine number (Hanus) 1 

! 

IIK) 

178 


Raw linseed oil from North American seed should conform to the 
following requirements : — 


I 


15 ‘i*)® 

Specific gravity at C. 
or 

25 " 

Specific gravity at C. . 

Acid number . . . , 

I Saponification number 
j Unaaponifiable matter, per cent, 
Ilefractive index at 25" C. . 
Iodine number (Hanus) 


i 

' Muxiimim. 


I o-ysG 

0- 931 

C-00 

195 

1- 50 
1-4805 


I Mmimuni. 

0-982 

0- 927 

189 

1- 4790 
180 


Scheme for Examimtum of Limeed Oil for Purity or Otlienvise . — 
(1) Specific Gravity . — Determine with a pyknometer or spindle at 
15'6® C. (2) Viscosity. — Use the Engler method, making the deter- 
mination at 20^ C. (3) Flash-point, Open Cup. — Seta nickel crucible 4 
60 mm. in diameter at . the top, 40 mm. in diameter at the bottom, 
and 60 mm. in height in a hole in the middle of a sheet of asbestos 
board 200 mm. square. The bottom of the crucible should project 
about 25 mm. through the asbestos. Support the asbestos on a tripod , 
and suspend a thermometer reading to 400® C. in degrees in the 
centre of the crucibfe, so that the lower end of the thermometer 
is 10 mm. jrom the bottom of the crucible. Then pour in the oil 
until its level is 15 ram. below the top of the crucible. Place a 
Bunsen burner below the crucible and regulate the size of flame so 
that the thermometer rises 9® a minute. As a test flame use an 
ordinary blow-pipe attached to a gas tube. The flame should be 
about 6 mm. long. Begin testing when the temperature of the oil 
reaches 220® C., and test for every rise of 3®. In applying the test 
move the flame slowly across the entire width of the crucible im- 
mediately in front of the thermometer, and 10 mm. above the sur- 
face of the oil. The flash-point is the lowest temperature at which 
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the vajx)ur8 above the oil flash and go out. (4) Fire-point . — After 
noting the temperature at which the oil flashes continue tne heating 
until the vapours catch Are and burn over the surface of the oil. 
The temperature at which this takes place is the fire-point. In 
determining the flash-point note the behaviour of the oil. It should 
not foam or^crack on heating. Fo'Pming and cracking are frequently 
caused by the presence of water. (5) Turbidity. — Note whether the 
oil is perfectly clear or not. ((>) Foota . — Ijet a litre of the oil stand 
in a clear glass bottle for H days, and then note the amount of re- 
sidue formed. The highest grades of oil show no turbidity or foots 
by this test.* The claim is made that sometimes what would be called 
foots by the above method is due to the freezing out of fats of rather 
high melting-point. When a sufficient amount of the sample is avail- 
able, heat' one portion to 100° C. and set it aside for the determina- 
tion of foots, together with a sample just as it is received. (7) Freak. 
— HeatifiO c.c. of the oil in a beaker to 300° C. Note whether the oil 
remains unchanged or ** breaks,” that is, shows clots of a jelly-like 
consistency. Note also the odour of the oil after cooling, and by rub- 
bing it oiiitho hands a small amount of fish oil may be detected in this 
way. {S)\M()isture. — Heat about 5 grammes of oil in an oven at 105° 
for 45 minutes ; the loss in weight is considered as moisture. This 
determination is, of course, not exact, as there is some oxidation. 
When more accurate determination is desired perform the whole 
operation in an atmosphere of hydrogen. (9) Ash. — Burn about 20 
grammes of oil in a porcelain dish and conduct the flashing at as low 
a temperature as possible. The best oil should contain only a trace 
of ash. An amount as large as 0'2 per cent, would indicate an adulter- 
ated or boiled oil. Examine the ash for lead, manganese, cobalt, and 
calcium. (10) Drying on Glass. — Coat glass plates 3 by 4 inches with 
the oils to be examined, expose to air and light, and note when the 
film ceases to be tacky. A good oil should dry to an elastic coherent 
film in three days. Varying conditions of light, temperature, and 
moisture have such an influence on drying tests that for comparison 
of one linseed oil with others all samples must be run at the same 
time. (11) Drying on Lead Monoxide. — Livache’s test calls for 
precipitated lead, but litharge gives equally good results. Spread 
about 5 grammes of litharge over the flat botfom of an aluminium 
dish 2*5 inches in diameter and five-eighths of an inch higk/ weigh the 
dish and the litharge; distribute as evenly as possible over the 
litharge 0*6 to 0*7 gramme of the oil, weigh exactly, expose to the 
air and light for 48 hours, weigh, and calculate the gain in weight to 
percentage based on the original weight of the oil taken. (12) Acid 
Number. — Weigh 10 grammes of oil in a 200 c.c. Erlenmeyer flask, 
add 50 c.c. of neutral alcohol, connect with a reflux air condenser, 
and heat on a steam-bath for half an hour. Remove from the bath, 
cool, add phenolphthalein, and titrate the free acid with fifth-normal 
sodium hydroxide. Calculate as the acid number (milligrammes of 
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potassium hydroxide to 1 gramme of oil). The acid number varies 
with the a^e of the oil, and should be less than 8, though when the 
oil is refined with sulphuric acid it may show a higher acid number. 
Test for presence or absence of sulphuric acid. (13) Saponificaf urn 
N amber. about 2 grammes of oil in a 200 c.c. Erlenineyer 
flask, add 30 c.c. of a half-nornftil alcoholic solution of potassium 
hydroxide, connect with a reflux condenser, heat on a steam -bath 
for an hour, then titrate with half-normal hydrochloric acid, using 
phenolphthalein as indicator. Always run two blanks with the 
alcoholic potash. From the difference between the number of cubic 
centimetres of acid required by the blanks and the determinations, 
calculate the saponification number (milligrammes of potassium 
hydroxide to 1 gramme of oil). The saponification number should be 
about 190. (14) Umaponijiable Matter. — As the saponification varies 
somewhat in pure oil, it is sometimes advisable to make a direct 
determination, of unsaponifiable matter. Saponify from 5 to 10 
grammes of oil with - alcoholic potassium hydroxide (200 c.c. of 
a half-norm al solution) for an hour on a steam-bath, using a ndlux 
condenser. Then remove the condenser and evaporate the alcohol as 
completely as possible ; dissolve the soap in 75 c.c. of water, trans- 
fer to a S'^paratory funnel, cool, shake out with two portions of 50 
c.c. each of gasoline BH'* B., wash the gasoline twice with water, 
evaporate the gasoline, and weigh the unsaponifiable matter. The 
unsaponifiable matter in raw linseed oil should be below 1*5 per cent. ; 
in boiled oil it is somewhat higher, but should be below 2*5 ))er cent. 
(15) Iodine Number. — Weigh from 0*2 to 0*25 gramme of oil into a 
350 c.c. bottle having a well-ground stopper, dissolve the oil in 10 
c.c. of chloroform and add 30 c.c. of Manus' solution ; let it stand 
with occasional shaking for 1 hour, add 20 c.c. of a 10 pei* cent, 
solution of potassium iodid*e and 150 c.c. of water, and titrate with 
standard sodium thiosulphate, using starch as indicator, iflank 
must be run each time. From the difference between the amoimts 
of sodium thiosulphate required by the blank and the determination, 
salculate the iodine number (centigrammes of iodine to J gramme of 
oil). The iodine number of raw linseed oil varies from 175 to 193, 
l»hough Gill states that a pure raw oil may give a value as low as 100. 
Boiled oil may be ver'y much lower. Make the Manus' solution by 
iissolviftg 13*2 grammes of iodine in 1000 c.c. of glacial acetic*acid 
which will not reduce chromic acid, afterwards adding 3 c.c. of bromine. 

1 16) Kosin Oil. — (Liebermann-Storch Test.) — To 20 grammes of oil 
idd 50 c.c. of alcohol, heat on a steam-bath for 15 minutes, cool, 
iecant the alcohol, evaporate to dryness, add 5 c.c. of acetic anhydride, 
warm, cool, draw off the acetic anhydride, and add a drop of sulphuric 
kcid, 1*53 specific gravity. Rosin oil gives a fugitive violet colour. 

TJie Quantitative Composition of Linseed OiZ.— -The C, H, and 0 
content of linseed oil as estimated quantitatively by combustion is 
»ot a very important factor, as it does not differ greatly from other 
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vegetable oils. Old and partially dxidised oils contain more 0 and 
therefore less C and H than unoxidised oil The percentage con.- 
position of linseed oil varies (1) with the method adopted in /obtain- 
ing the oil from the seed ; (2) extraction ; (3) hot pressing ; (4) cold 
pressing. The source of the seed also intervenes. This table shows a 
difference of 2 to 3 per cent, in the»C and 0 content of linseed oil : — 


TABLE SHOWING THE ULTIMATE ORGANIC ANALYSIS OF 
LINSEED OIL. 


Analyst. 

j Carl Mill. 

Hydrogen. 

Oxygen. 

1 

Remarks. t 

! 

SausBure . 

7()-0 

11*4 

12*0 

i _ ! 

Saco 

. I 7H-1 

10-1) 

11-0 

1 Cold pressed. ! 

Lofort . 

. i 7.')-y 

10-9 

18 -9 

! Hot „ ! 

Glooz 

. 1 77-() 

II-H 

IM 

j { 

Mulder . 

. : 

11*2 

12*0 

1 1 Seed 1.^ years old. * j 
i i Hot pressed. j 

Williams. 

iry2 

10-7 

14-1 

I Raw oil. j 

Bearn 

. ' W 

1 

10-6 

18*2 

j Extracted by petroleum j 
j ( ether from Baltic 8eed.| 


The Average Glycerine Content of Linseed Oil. Fahrions Glycer- 
ine Test. — The average glycerine content of linseed oil is taken as 
10'4 per cent. This content with the average 95'5 of fatty acids 
(Hehner’s No.) is in excess of 100, the glycerine and fatty acids in 
forming esters lose water. In calculating the analytical results a 
difficulty occurs as the fatty acids found are calculated as anhy- 
drides. The mean molecular weight being of a complex nature is 
not accurately known. 

The Respective Percentages of Liquid Unsaturated and Solid Satur- 
ated Fatty Acids in Linseed Oil. — (a) Solid Fatty Acids. — To solve 
this last problem Mulder made a series of experiments. He first 
extracted the lead salts by ether, decomposed the insoluble lead salts 
and crystallised the solid fatty acids once from alcohol. He thus 
found 6*3 per cent, of solid fatty acids in linseed oil. He thought 
this result too low, so he placed an alcoholic solution of the mixed 
fatty acids repeatedly and for a week in a freezing mixture until no 
further separation occurred. The mixed solid fatty acids so separ- 
ated were crystallised once from absolute alcohol. H^thus found 
9*4 per cent, of solid fatty acids, but they were not pure white. 
Mulder designed a third method based on the insolubility in dilute 
alcohol of the magnesium salts of the solid fatty acids, whilst the 
salts of the liquid fatty acids dissolve therein. He therefore dis- 
solved the mixed fatty acids in dilute alcohol, added ammonia to the 
solution, and precipitated with an alcoholic solution of magnesium 
acetate. After standing two days they were decomposed by HgSO^. 
He thus found 10*3 per cent, and not yellow coloured. This result 
was not, however, unquestionable. Fahrion repeated Mulder’s ex- j 
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periment with 70 per cent, alcohol, and obtained quite a similar re- 
sult. But this acid melted at 32® C. (Mulder gave no melting-point, 
but gave an iodine No. of 114-1). Separation of the saturated from 
the unsaturated acids in the above manner is impracticable. Mulder, 
however, saw in his 10-4 result confirmation of a previous result of 
9*4 per cent, and asserted that iinseed oil contained about 10 per 
cent, of saturated glycerides. Later on, by fractionally crystallising 
the solid fatty acid from alcohol, he obtained equal weights of pal- 
mitic and myristio acids, so he reasoned further that linseed oil 
contained 5 per cent, of tripalmitin and 5 per cent, of trimyristin. 
Now it chiefly contains arachidic and stearic acids ; the amount of 
the first is very small and that of stearic acid less than 1 per cent. 
It is from Mulder’s assumption that the solid fatty acids of linseed 
oil are described as consisting of ^ of palmitin and ^ of myristin. 
Fahrion estimated the saturated fatty acids of linseed oil by Warren- 
trapp’s raethpd, controlled by other methods ; (1) Precipitated the 
neutral alcoholic ether soap solution by alcoholic lead acetate, treating 
the lead salt by nitric acid (Bromeis and Sacc) and extracting the 
resulting product with petroleum ether. (2) Oxidation of the alkaline 
soap solution by potassium permanganate and extraction of the oxy- 
acids by petroleum ether, separation of the solid fatty acids by 
Farnsteiner’s method. 

TABLE SHOWING PERCENTAGE CONTENT OP SOLID FATTY ACIDS 
IN VARIOUS SAMPLES OP LINSEED OIL, THEIR MELTING- 
POINTS IN DEGREES CENTIGRADE, AND THEIR IODINE NUMBER. 


Content in Solid Fatty 
Acids of Linseed, 

Melting iwint 

Iodine No, 

per Cent. 



8'1 

53-54 

10-C 

8-2 

53-64 

11*2 

8 0 

53-54 

1 4 -3 

7-9 

52-53 

31-0 

8-4 

— 

21*3 

9 5 

— 

14*8 

10-2 

52-63 

22*6 

8-6* 

62 

14*1 

9-7 

62 

1*4 

-• 9*9 

5.3-54 

13 9 ! 


Fahrion concludes from the results given in the table that lin- 
seed oil contains, in round numbers, 8 per cent, of saturated acids. 

Lewkowitsch obtained similar results by Warrentrapp’s method. 
He first obtained 8*9 per cent, of solid fatty acids, with the iodine 
number of 22*3, and on again subjecting the acids to the same process, 
7*5 per cent., with the iodine number of 19*2. Later, Fahrion used 
another method, resembling Sacc’s. Instead of the soda soaps, the 
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. . . ' . . ^ 
linseed oil fatty acids were themselves oxidised. The oxidation was 

affected by aid of cotton-wool, and, finally, the oxyacids* were not 

converted into salts, but treated with petroleum ether. During the 

^ first oxidation a residue of 36-6 per cent, of fatty acids was 

extracted by Warrentrapp’s method. Then the unsaponifiable was 

separated. There resulted H-5 pet cent, of fatty acids with the 

iodine number 6*8 and rn.p. 53. 

(b) The Percentage of Fluid Fatly Adda, Oleic Acid . — The fluid 
fatty acids were oxidised after Hazura. The unchanged portion 
was separated by petroleum ether, and again extracted by Warren- 
trapp’s method. Hereby was recovered that portion of the solid 
fatty aci^ which, in the first extraction, passed into the ether solu- 
tion. It amounted to 0'8 per cent, of the linseed oil, with iodine 
’ number 11*7, in.p. 49*5. Under the assumption that both iodine 
numbers, so found, are exclusively due to oleic acid, that reduces the 
percentages 8*5 and 0*8 to 7*9 and 0*7, and the mixed solid fatty acid 
content of linseed oil would then be 8*6 per cent. This percentage 
for the linseed oil in question approaches those in the above table 
very closely. Whether the fatty acid content of different linseed oils 
shows greater deviation, further research must elucidate. The con- 
tent of linseed oil solid fatty acids may be calculated from the 
outer iodine number {a) and the inner iodine number {b), not ex- 
actly, however, as the inner iodine number comes out too low. As 

glycerine absorbs no iodine, it follows that gives the perceiitage 

content of solid fatty acids in linseed oil, including the unsaponifi- 
able, which also absorbs iodine. In a research by Fahrion he found 
the iodine number of the linseed oil 180*9, the Ilehner number 95*7. 

' Calculation gives the high iodine number of 205*2, leaves 87*7 of 
' fluid fatty acids, therefore 95*7 - 87*7 = 8 per cent, solid fatty acids. 
Walker and Warburton’s figures give 7*3. Those of Tortelli and 
Euggeri are therefore too low. 

Mulder believed he had detected oleic acid ■ quantitatively ; 
the research in question gave repeatedly 10 per cent, of the linseed 
oil, besides the oleic acid. The last research only gave 8 per cent. 
Mulder did not make any separation, he assumed linseed oil to contain 
triolein, therefore, 9*5 per cent, oleic acid. Hazura only found half 
as much. He obtained by the alkaline oxidation of 10^ grammes 
of linoleio acid, 1*2 dioxystearic acid ; 6*5 sativic acid ; 20*3 of linusic 
and isolinusic acids. From these figures he counted backwards ; thus 
the fluid linoleio acid consisted of 5 per cent, of oleic acid, 15 per 
cent, of linoleio acid, and 80 per cent, of linolenic and isolinolenio 
acids. This conclusion is incorrect. Fahrion claims that much of 
the linoleio acid is not quantitatively oxidised. Part of it is not at- 
tacked, and much of this unaltered portion consists mainly of oleic 
acid. A very convenient material for extracting unchanged acid 
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was found by Fahrion in petroleum ether, in which dioxysteario, 
sativic, liijusic, isolinusic, and azilaic acids are completely insoluble. 
In two oxidation experiments, exactly according to Ilazura's method, 
15*4 and 16’4 per cent, of the linoleic acid remained unchanged. 
The iodine number showed 80*3 and 78*2. But the manganese pre- 
cipitate was not washed out, so that the above percentages are still 
small. That the residue from the oxidation consists chiefly of oleic 
acid follows at once from the iodine number, oleic acid = 90; 
linoleic acid — 181*6; linolenic acid 273*6. But the result of a 
second oxidation left dioxystearic acid, and gave 88 per cent, yield. 
Pure oleic acid oxidised in the same way left 65 per cent. From the 
above figures linoleic acid contains, not 5 per cent., but 20 per cent, 
of oleic acid. 

This figure seems to agree with the above oxidation experiments. 
On extraction by Warrentrapp's method 8*5 ptn* cent, of solid fatty 
acids was obtained, and 24*1 per cent, liquid fatty acids with the 
iodine numlj''in* 105*3. Therefore, there were only traces of lino- 
lenic acid, of which 0*8 per cent, was solid fatty acids. The iodine 
number calculated to 19 per cent, of oleic acid yielded 9*7 per cent, 
of dioxystearic acid, which calculation gives 15 per cent, of oleic 
acid, where pure oleic acid gives 60 per cent. Beventeen per ceait. 
of oleic acid may be taken, but the average is between 15 and 19 ; 
that leaves, in round numbers, about 70 per cent, for the linoleic 
and linohmic acids of linseed oil. If 180 be taken as the mean 
iodine number of linseed oil, then the 70 per cent, may bo cal- 
culated as 27 per cent, linoleic and 48 per c(*nt. linolenic acid. 
Numerous researches prove that the iodine number of oxidised 
linseed oil is lowered* as far as 172*3. During oxidation 36*6 per 
cent, of linseed oil, with the iodine number 86*7, remains. The 
Hehner number of the original oil is 95*6. The linoleic and linolenic 
acids are lowered to about 59 per cent. The iodine number of the 
altered mixed fatty acids may be calculated as 238*3 ; and this number, 
on further calculation, gives for the 59 per cent. 36*4 linolenic acid, 
and 22*6 linoleic acid. In the first extraction (after Warrentrapp) 
there was a loss of 4*0 per cent., of which the smaller portion may be 
taken as linolenic acid, so that it gave 38 per cent, linolenic acid 
and 30 per cent, linqjeic acid. 

THE iMiOXIMATE chemical COMPOSITION OF LINSEED 
OIL. (FAHKION.) 


Per Cent, 

Un saponifiable 0*5 to 1*5 

Saturated fatty acids 8*0 ,, 9*0 

Oleic acid ......... 16*0 ,, 20*0 

Linoleic acid 25*0 „ 85*0 

Linolenic acid 85*0 ., 46*0 

Glycerine . . , • • • • * , 4*0 ,, 6*0 
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According to Hazura the above linoleio acid content given 

by Fahrion is too small. He found 80 per cent. <jf linoleic 
acid which gave 70 per cent, on the linseed oil. On bromina- 
tion of the linoleic acid he obtained a crystalline hexabromlinolenic 
acid, with a maximum yield of 40 per cent., whereas he givea 
16 per cent, of linolenic acid in linoleic acid, which gives IS 
per cent, on the linseed oil. Isolinolenic acid must therefore be 
present to about 57 per cent, in linseed oil itself. Hazura states 
that it gives an amorphous hexabromide soluble in ether. On 
their existence depends that of isolinusic acid which is produced 
from it. 

A. Kollet calculated for linseed oil, on the basis of the iodine 
number. of 190, a solid glyceride content of 15 per cent., and a lino- 
lenic ac(d content of 50 to 00. 

All other authorities on oils stop short at 35 to 45 per cent, 
of linolenic acid as the highest, Fokin, by bromination of the mixed 
fatty acids, under various conditions, 22 to 29 per cent. 6f crystallised 
hexabromide and 22 to 25 per cent, of linolenic acid, but, as Fahrion 
points out, this must be a printer’s or other error, as hexabromlino- 
lenio acid, Cu,HjjQBrg02, contains 63’3 per cent, bromine, so that the 
above figures only correspond to an 8 to 10 linolenic acid content of 
linseed oil of solid fatty acids. Fokin gives only 5 per cent., and 
explains it on the supposition that linoleic acid is the chief con- 
stituent of linseed oil. He sees nothing more in the crystallised 
betrabromide of m.p. 114® G. than that the linoleic acid of linseed 
Dil differs from that of poppy-seed oil, whilst Hazura regards them 
as identical, since both on oxidation leave sativic acid. Lew- 
kowitsch obtained 42 per cent, of a crystallised hexabromide as a 
maximum from the mixed fatty acids of linseed oil, and calculated 
iherefrom that there was 15 per cent, of linolenic acid in linseed oil. 
That this content agrees well with the iodine number is not to be 
iisputed but it seems low. Like Fokin, Lewkowitsch regards 
inoleic acid as the chief constituent of linseed oil. F. Bedford pre- 
pared the crystallised hexabromide from the mixed fatty acids of 
inseed oil with a yield of 41 ‘6 per cent, or 15’27 per cent., calculated 
IS a linoleio acid, or 14-^ per cent, on linseed oil. He used the re- 
iuction method, with nickel as catalyst, as ap analytical process. 
By it^ aid he estimated the hydrogen number of substances, calculat- 
,ng the hydrogen required for complete reduction, to pei^enf. For 
jthylio linolenate obtained by bromination, from the hexabromlino- 
enic acid ester he found the data 1-9482 and 2*0480, theory 1-9737. 
The ethyl-ester from Farnsteiner’s separated linoleic acid, gave 
lydrogen numbers 1*4644 ; 1*4678; 1*4441. Therefore the theoreti- 
»al hydrogen number of ethyl linoleate comes out 1*3072. Sa 
calculated from the above figures the esters investigated had an 
average content of ethyl-linolenate of 21 * 7 , which gave for linsfeed 
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oil a linolenic acid content of 15*0. Likewise, the iodine number of 
the -fluid faulty acids are given by Krdmann and Bedford in a continua- 
tion of Rollet’s work as 203*8, which corresponds with a content of 
24*4 per cent, instead of 21*7. Then the yield of hexabromlinolonic 
. acid is so increased that they correspond to a linolenic acid content 
of the mixed fatty acids of 16*G6 ^er cent. Calculated to linseed oil 
this becomes 15*8 per cent. However, Krdmanp and Bedford give 
a content of 20 to 25 per cent, acids, chiefly, but not ex- 

clusively consisting of a linolenic acid, yet, during debromination, 
hexabromlinolenic acid splits up into two stereoisomeric linolenic 
acids. Fahrion points out that Bedford found as the iodine number 
of free linolenic acid instead of 273*8, 248*1, and that the iodine 
number 203*8 of the mixed fatty acids is also too low. Lewkowitsch 
found, for the Warrentrapp prepared acids, which still contained 
oleic acid, the iodine number of 209*8. The hydrogen number, how- 
ever, correctly estimated, does not give correct results, as by Farn- 
steiner’s method the solid fatty acids are not quantitatively removed 
from the oleic acid. This Fahrion proved (‘xperimentally when he 
tested Bedford and Farnsteiner’s linoleic acid by vacuum distillation ; 
4*5 grammes of his acid were treated with 4*5 grammes of KMn 04 
after Hazura's instructions. During the acidulation of the filtrate, 
the precipitate which settled out was dried first with petroleum 
ether and then extracted with much cold ether. The evaporation 
residue of the petroleum ether extract of the unoxidised portion 
gave, on crystallisation from alcohol, a small amount of solid fat of 
m.p. 54. The evaporation residue of the ether extract likewise gave , 
a product that could not be crystallised from alcohol, the oxidation 
product of oleic acid, dioxystearic acid, m.p. 129. Finally, Bedford 
obtained, during the reduction, a fluid product ; again, the fatty 
acids of linseed oil oh heating, even without oxidation, decreases 
in acidity and their iodine number lowers. Also during the heating 
of linseed oil its hexabromide number is lowered. Is it the a or the 
/^-linolenic acid that remains on heating? In either case it would not 
be an isomer but a variety of the same product. The variety must 
be regarded in the nature of things as an altered part of the double 
bond. 

' Effect of Storage Linseed Oil on (1) its Acid Value, (2) its 
Density, (3) its Eefraction . — The storing of linseed oil does imt result 
in the fhere ’splitting off of glycerine alone. The gravity of a* 13- 
year-old sample was 0*941 (Lewkowitsch), which is above normal by 
0*009. A 5-year-old sample had a butyro-refractometer degree of 
. 85*1. Fresh raw oil gave 80 to 81*6'* Weger. In a fresh oil with the 
; high iodine number of 191*3 and oxygen number of 19*8 the original 
iacid number rose from 1*8 to 2 * 7 , an increase due to the lowering of 
; the iodine number. Spollema kept two samples of the same linseed 
I oil in the dark, one refined by Hj 804 , other not, in well-corked 
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flasks. The iodine in No. 1 did not appreciably lower, whilst in 
No. 2 it lowered about 10. 

The painter protects the linseed oil vehicle of his paint from the ‘ 
air by a surface layer of water inside the keg. 

So little does the painter desire that his linseed oil should become 
oxidised during storage, that he shields it, as regards stiff paints, by pro- 
tecting them with a layer of water. * Mulder ascribed the change which 
lins(;ed oil undergoes during storage to a certain amount of the glycer- 
ine being decomposed and the remainder locked-up. Stored linseed oil 
becomes partly acid and rancid, but it does not follow, from its oleic 
acid content, that such oil is by any means rancid. Mulder ascribed 
this rancidity to an activity of motion in effective matter, e.g. quite a 
small amount of albumin present in most oils and fats. The precise 
chemical process consists in the splitting-off of glycerine with the 
consequent oxidation of the free fatty acid, especially the oleic acid to 
butyric acid. This opinion of rancidity is similar to that held at the 
present time, (xeitid dtdined rancidity of oils as induced by an 
oxidation process begun by light, with 8])litting-up of the water from a 
minimum but suflicient (juantity. Pure oil or fat shielded completely 
from air and light does not turn rancid. Fats from the tombs of 
Abydos were examined by Friedel and tin; glycerides therein found to 
be undecomposed. Put the action of antiseptics may have intervened 
to preserve the glycerides in their pristine state as well as mere pro- 
tection from light. When an oil or fat is mixed with the marc of 
the fruit, i.e. with oil cakes or albuminoids, hydrolysis of the oil 
or fat sets in and the amount of free fatty acids increases. The 
cause is thi; combined action of water and enzymes. The question 
why linseed oil, notwithstanding its richness in unsaturated fatty- 
acids, rancidities with difiiculty, was answered by I. Klemont to the 
elT(‘ct that here the oxidation produced is so strong that atmospheric 
gases cannot act. Freshly spread out linseed oil often smells of 
oeiiauthylic-aldehyde and octyl-alcohol. 

TorteUi and Penjamis Theory of the Changes Supervening in 
Old-tanked Oil. — TorteUi and Pergami assert that, during the 
storage of linseed oil, a sort of molecular absorption occurs, the 
fluid fatty acids playing the chief r6le. Thus, in old linseed oil, a 
portion of the glycerides have a different constitution than when 
fresh. When the free fatty acids are completely removed from old 
oil ttiey dissolve more readily in alcohol than the fatffy acids from 
fresh oil. 

The Deposition of Foots, Mucilage, etc,, from Old-tanked OH , — 
There generally separates from unrefined raw oil, during storage, a 
deposit of variable composition. Suspended matter may be deposited 
completely, dissolved mucilage is never completely deposited by 
storing or tanking. A pale old-tanked English oil still showed 
mucilage on heating after five years (Weger). Now the presence of 
mucilage, which contains the above organised bodies, enzymes, ^ 



vhich can induce the splitting-up of the oil is, for obvious reasons, 
LS mentioned elsewhere, far from desirable. 

Effect of Storage of Limeed Oil {Old-tanked Oil) on its Acid 
Number and its Iodine Number.— On this point a whole series of 
authorities declare that the acid number of linseed oil protected from 
lir increases without inducing ayy chemical change. Huhl found 
n a lo-years-old sample of linseed oil the normal iodine nuniher, 
whilst an oil, which under the action of the oxygen of the air 
iiad become viscous and rancid, gave low results. Thomson and 
Ballantyne left samples of linseed oil with the iodine number 
L73'5, (a) for six months i)i sunlight hut in a closed ilask, (b) with 
bccess of air ; the first (a) fell to 172 9, that of the s(‘cond (b) to 
L(:()-2. Lottenmayer and Niederlander still fouiul in a Dutch linseed 
)il 19 years old, kept in a completely filled, well-corktHl flask, the 
iodine number of l<S()'2, whilst in a 30-years-old Dutch linseed oil, 
3 f wdiich only a small (piantity was contained in a large flask, the 
iodine nnmheV was 15G-2 and the acid nuinlxn* 1-50. .\gain, a 
sample of linseed oil shielded from air and light for three y(*ars 
gave iodine number 174*0 and acid number 1*3 ; a lialtic oil 13 
years shielded from air and light the iodine number 175*8 and 
the acid number 7*2. Sherman and Falk found that linseed oil 
kept in quite full flasks and protected from air and light for months 
did not change. 


Boinnu Oil. 

Finkener's Method of Differentiating Jietwecn (a) Haw and (h) 
Moiled Oil. — Fiukener gives a qualitative method for differentiating 
between (a) raw linseed oil and (b) boiled linseed oil, in which it is 
shaken with an aqueous solution of lead acetate, glycerine, and am- 
monia. With raw oil the aqueous layer is clear, with hoih'd oil it 
is turbid. The method depends on the presence, in the boiled oil, ol 
free fatty acids, to a greater or less extent, and is rarely use-d. Ac- 
cording to Evers it is most applicable to lead oxide boiled oils. 

Mopurgos Method. —knoihQV method by Mopurgo is given. Five 
grammes of the oil to be tested are saponified by alcoholic soda, th( 
alcohol evaporated, tlje soap dissolved in water, and, in the soa]; 
solution, common salt is dissolved until no more soap separates. ,rh( 
filtrate ft decomposed by acetic acid. With pure raw linseed oi 
no precipitate occurs, but it does with boiled oil. The method doei 
not go further than the qualitative detection of the unsalted out ox) 
i^cids. It cannot be used with cold prepared “ boiled ” oils, and ii 
only applicable to strongly blown oils, or oils oxidised duriiq 
j boiling. 

' The Water Beaction.—lDae water reaction may be used for th( 
Iq^Ualitative testing of boiled oil for purity. One c.c. is saponified witl 
^Icoholic potash and the soap solution diluted with much water oi 
VOIi. I. ‘ 13 „ 
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which dilution it should remain clear, A turbidity points undoubtedly 
to rosin oil or mineral oil — small quantities of rosin oil may escape 
detection. Finally, it must ho reimunhered that load and manganese 
linoleates and rosinates are insoluble in water, tluirefore a pure boiled 
oil may give a tuibidity. The test may only b(! applifnl to boiled 
oil freed from nuital. 

The StorcJi’Morawski Reaction for the qualitative detection of 
rosin and rosin od is not available for boiled linseed oil which may 
give a brown coloration in the abscmce of rosin, especially whim the 
boiled oil has been (*x])osed to tlui air for a long time. The oxyacids 
ri'Spond to the above, reaction and also to TwitchelTs imahod exactly 
like abietic acid (Grosser). Jl. Wolff obtaimsl a response to this test 
with rosin-free manganese-boiled oil. On the other hand, Lippert 
asserts that the reaction gives undoubted results with lins(*ed ml. It 
ajipears that he used in bis tests glacial acetic acid insttad of acetic 
anhydride. Fahrion ])rofers to removes the metal hidore testing, or 
better still, to operate after tin; fatty acids soluble in petroleum (!ther 
have been se])arat('d. 

The Detection of Lanfc Qnantitica of Rosin in Roiled Oil- - Wolffs 
Method. c.c. of boiled oil, 20 c.c. of alcohol, and 1 c.c. cone. 11 Cl 
are agitatinl together. The alcoholic solution is evaporated and the 
residue dissolved in benzene, and this solution agitated with I to 2 c.c. 
of 25 per cent, ammonia. Turbidity indicates rosin but the pre- 
cipitate is not abundant with (piantities under 10 per cent. 

Quantitative Estimation of the Metals Present in Roiled Oil . — 
In a clear boiled oil containing, e.g. Pb and ^In in a soluble form, 
it is best to determine the metals in the ash. Fresenius and 
Schattenfroh agitate the ethereal solution of the boiled oil \\ith 
dilute nitric acid, or if it has been ascertained that only Pb is 
present, direct SlI.^ is passed into the boijed oil, or the latter is itself 
agitated with dilate sulphuric acid. 

The Acid Number of Roiled Linseed Oil . — The longer the duratioiu 
and the higher the temperature of the boiling or blowing has been, the 
higher the acid number. With precipitated driers it is not increased. 
With fused driers it is hardly raised, but with fused rosinate driers, 
many of these contain free rosin, the rosinate being only partly 
saturated. * 

The Saponification Number of Boiled Linseed Oii.~The saponi- 
fication number of linseed oil after boiling is but slightly changed. 
The drier content only lowers it slightly. Filsinger gives the range 
180 to 190. Weger gives the saponification numbers of normal boiled 
oil as 180 to 185, provided it is not mixed with rosin oil, or with mineral 
oil, when a saponification number, under 175, in presence of such 
adulteration occurs. Ulzer found in five oxidised boiled oils, of which 
three were boiled with PbO and two with MnO.^, saponification num- 
bers of 188T to 192-0. Mcllhiny in eight samples of boiled 6il, all 
jfpparently prepared witrf soluble driers, 187'5 to 192*2, whilst Eisen- V 
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stein in the three above-mentioned boiled ods only found 1S2'2 to 
185-2. 

The, Iodine Ah'^orfdtofL Xumher of Ihnled Oils.- -The lodiiu' 
number of i)ciled oils, made from soluble driers, remains as lii^li as in 
raw linseed oil, Mcllliiny found 1S()-1 to LSd’lb Ilowt'Vt'r, lb(^ 
iodine nuinln'i- (1) ordinary boilin‘^*(2) by l)lowin^^ and (d) by tin* ad- 
dition of mineral oil, is lowered. The lowest ran^e for ])ure boiled 
oil according to Filsin^er is Kit), Hefelmann and Miinn H‘:l, Ulzer 
U5. (!baritscbkolT IdO. Tin* iodiiu* numb«*r of boiled oil does not 
play the {.(reat r5b‘ that it does during raw oil t'xaminatiim. In es- 
timating^ the iodiin,* numix'r of l)o;l(‘d oils tlie metals should lx* pre- 
viously ri'inoved and bibber numlieis art* tln-n found. 

The Hcxobromide Xtonhei of liotled Oils. Tin* data as to the 
be.xabromidt' nunib(*r of boiled oils ou^dit to tell us whether tin* boilt'd 
oil was boib'd at iu bif^b i(*mpeiatur«‘ or jirt'jiared in tin* (;old. In- 
vestij^ations on, this point have* not been madt* bitbt'rto. The lij^uit's 
in the accompany in}.^ tablt^ wt‘rt‘ d(it(*rniined by 1 anYkowilsch • - 

TABliE SHOWING FIGGHES FOR R\W LINSEED OH., PAT.E AND 
DOriiLE inin.ED oils, and ozonised oils. 




' l)Hjvity 15' C. i 

Iodine .No. 

II»*Xftbr<Miiidi* No. 

i Rnw linseed 

oil 

O-.ldOS 


24-17 

' Palo boiled oil 

()-',)42d ' 

171*0 

20-517 

• Double ,, 


0-1) U'i 

170*0 

i;]*0d 

Ozonised ,, 

(1.) 

O-'GIO i 

1K0*1 

.do-do 

(11.) 

OdidSH 

171*2 

25-7;) 

i 

(IIL) 

. ‘ * ; 

HD*7 

d0*15) 

The Oxijyen 

Absorption Number if 

Boiled Lin 

seed O//. The 


data as to oxygen absorption in boiled oil examination is scanty, ('old 
prepared or only slightly heat(*d boiled oils generally give as high ab- 
sorptions as the raw oil. Strongly boiled and strongly blown oils 
show low-er numbers, but they cannot be dilTerentiated by the oxygen 
numbers. All that can be said is that the first takt*s longer to dry, 
and that the maximum increase eventually is as high as in tbt*, case 
of the latter. • 

The Estimation of the Oxyacids in Boiled Oil. — The estimation of 
the oxyacids is undoubtedly established on a sound basis although it 
has as yet come little into use. As already pointed out their amount 
increases during boiling without air blowing, and to a far greater 
extent by blowing, and by storing with access of air. Small amounts 
of oxyacids may be ascribed to rosin or rosinate driers. 

The Unsaponifiable Content of Boiled Oil. — It w'as formerly l>e- 
lieved that, during oil boiling, the amount unsaponifiable increased. 
K. WiTliams found in raw linseed oil 0*8 to 1*3, in boiled oils 1*3 to 2*3 
unsaponifiable. It was soon found, however, that during oil boiling 
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and blowing no considerable increase of unsaponifiable content oc- 
curred. lllzer only found in oxide-boiled oil 0‘5 to 0*92 per cent, 
unsaponiliable. Kosiu contains much unsaponiliable, so that in 
rosinate-boiled oils a slight increase of the original unsaponifiable con-, 
tent occurs. 0. Bach found in oxide-boiled oils 0'43 to 0*74. In 
rosinate- boiled oils {)'95to 0*71 j)oi*cent. unsajjoniliable. 

It is agreed to take 2 per cent., as the highest limit of the un- 
^ saponifiable content. With higher contents the iodine number of the 
unsa])()niliable is determined. It sinks with pure boiled oil below 70 
to 80 per cent., whereas rosin oil, and particularly mineral oil, tends to 
further decrease, (renerally less than 2 per cent, is found, and then 
hydrocarbides are present. Ct. I\na])pe found in a boiled oil 2 to 3 
per cent, which was detected by its smell during the \vater reaction 
making itself felt. Moreover, tc'sted in the Abel Pensky apparatus 
at 80 to 90° 0. (170 to 194° F.) an undoubted flash occurred. H. Wolff 
found the saponification number 188*5, the butyro-refraction degi-ee 
87, and the density 0*9309. Drying was normal, the unsaponifiable 
was 1*2. However, the boiled oil contained 4 per cent, of light 
lienzino driven off by steam distillation. Finally, “ boiled oils” jire- 
pared by the aid of liipiid driers contain a certain percentage of tur[)s 
♦or white spirit, which is best removed by steam distillation. 

The Twitch cU‘ Wolff Method . — That this method is peculiarly 
adapted for the estimation of rosin in boiled oil has been proved 
without doubt. Now as fused rosinates are the driers most generally 
used, the (piestion must be answered: How much rosin, free and 
combined, must a genuine boiled oil contain V The (piestion has been 
answered by C. Niegcmann who asserts that 5 per cent, rosinate 
suffices under all conditions, and that any higher content must be 
regarded as adulteration. As much as 7 per cent, rosin acids, when 
ground with wdiite hnid, causes “livering”. According to H. Wolff, 

3 to 4 per cent, suffices and 0 per cent, is too much. But rosin-free 
or combined, i.e. in any shape or form, in the present author’s 
opinion, is an illegal addition to boiled oil. 

Viscosity . — In forming or giving an opinion as to a boiled oil it is 
well to determine its viscosity. 

Separation for Subsequent Estimation of llosin and Free Fatty 
Acids in Boiled Oil. — AlK)ut 10 grammes efi oil are w*eighed and 
dissolved in 100 c.c. petroleum ether, and the solution, shaken twice 
with dilute HCl ; water is added to wash free from acid, then 50 c.c. , 
neutral alcohol, also phenolphthalein. The w’hole is titrated wdthv 
N/10 alkali to neutral ; water added to dissolve resulting soap ; shaken , 
and set aside. The soap solution is run into another separator, and^^ 
treated with 60 c.c. petroleum ether, shaken, soap solution run offj 
and petroleum solution added to first separator. Soap solution 
returned to , second separator and purified by treating with 20 c.c^J^ 
^0 per cent, alcohol. The residual lye solution evaporated to diynes»| 
,is next dissolved in water, agitated in a separating funnel wi^ 



THE ADUL^BfkATlbH OF LIESBfef OIL; 

petroleum ether and dilute HCl ; next, washed free of acid. The 
fatty and rdsin acids are obtained after evaporation of petroleum ether. 
Such residual acids are the‘n available for determination by the usual 
known methods. The hist petroleum ether solution contains the 
neutral saponihable linseed oil, likewise the unsaponiliable mineral 
and rosin oils — all being recoverable for examination by evaporation 
of the ether. 

TABLE SHOWING CHANGE OF CHEMICAL CONSTANTS 
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Boded Od Adulterated with Hosin Oil. WAujer and Bacli.s B.rperi- 
ments . — Hosin oil has an irregular lower iodine number than rosin. 
Everything connected with rosin oil varies with the sample — 
crude rosin oil and rtdined rosin oil are two dilferent things. 
According to Weger rosin oil gives a loss in two months of 15 to 
‘JG per cent, in weight. Plowever, taking boiled rosin oil in which 
6 per cent, lead-manganese rosinate was dissolved at 120' (’., oxy- 
gen absorption numbers of ID’S to 25'7 inner-half were found in 
5^ to 8^ days. Jurying proceeded quickly, in to 2.J days. It is 
thus differentiated from boiled linseed oil by the fact that the maxi- 
mum in weight takes longer. Weger worked with almost acid-free 
rosin oil. Acid number 0’9, density 0*98. No iodine number is given. . 
For pure rosin oil h<f found negative numbers, due possibly to re- 
fining rectifications and removal of impurities by washing, al^o to 
consid^able volatilisation of secondary products. An experiment of 
0. Bach contradicts this. He heated a gun barrel, which contained 
1 gramme of rosin oil in a sealed tube with excess of oxygen, for 10 
^ hours, at 110'’ C.; 181 c.c. of oxygen were absorbed, which means 
an oxygen number of 25*9. The use of rosin oil has been the subject .> 
of many patents, mostly worthless. 

Adtdieration of Boiled Limeed Oil with Hosin , — With the small 
amodnt of rosin in rosinate-driers used in oil-boiling, it is interesting 
’to learn how it affects the drying of the oil. Rosin is not inert, far 
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from it. It finds expression in the hifjher iodine number as the 
linseed oil absorbs oxygen from tbe air. We^^er proved this directly, 
and indii-ectly. Jfe. mix(;d boiled oil in lar^^e (juantity with Annn'ican 
rosin and t<*ste(l tin; mixtures oti j^lass ])lat(;s. Tin; oxygen number 
of the contained rosin did not sink, at tin; most, below theoxxgen 
numl)(‘r foi* rosin of 8*2 for tin; ])erjod of 20 boars heating at IbO’ (!. ; 
rosin show(;d an oxygen number of 11‘7. Finally, an alcoholic rosin 
solution in a crystallising dish was livajiorated, tbe u'sidue beat(;d for 
an hour at 100' (I., and (a) solution, (h) eva])oration, and (r) heating 
contimu;d liv<' tinus. d h<‘ rosin increased 7d) in wi'ighl. By further 
Inciting it lost in weight, owing to tln3 volatilisation of s“condary oxida- 
tion jiroducts. Fain ion left 1 gramme of ground rosin on a watch 
glass with frecjiumt Stirling without loss, at summer tenijieratuu', tor 
two months, exjiosed to th(‘ air. The whole tbickiu'ss increasiul 4-2 
])er c(;nt. But the autoxvdation ])roductol rosin has not got the good 
})roperties of linoxin. Moreover, much rosin in hoibnl oils lenders the 
dri(‘d oil films tacky; Ix'sides it has fr(;<juently IhsmT recorded that 
ini.xing such hoili'd oils on the basis of the^e and similar tiguii's with 
white lead, or with jiaints containing white lead, causes energetic 
thickening (livm'ing). 

Pci' nil aril ni llic Pniin'j of h'l^ih Oil. — Th(‘ drying cajiacity of 
fish oil was tested by Meister on glass plati's. J)rying starts much 
inori; rapidly than with linseed oil, and is generally comjilete m 24 
hours. Idle oxygim figures give no curvi; ; when added to linseed 
oil the, drying of the latter was not accelerat'd. After two days the 
incrt'ase in wt'ight was accompanied by loss in wi'iglit and the nett 
weight remained constant, then regular decrease folloNsed. The 
maximum increast; occurs, as with linseed oil, when the oil has just 
dried. The oil skins of walrus, whale, and cod oils are peculiar. 
Only in the case of certain fish oils is the oil skin uniformly solid ; in 
all cases such solids are completely soluble in chloroform and ether 
and only withstand atmosplu'ric influences poorly. Driers acceler- 
ate drying action, hut the period of dr\ingor hardening is about twice 
the length of tiine reipiisite for linseed oil. However, the oxygen 
absorption numbers are higher than for pure fish oil. On the basis of 
his experiments, Meister limits the percentage of fish oil in a boiled 
oil to 25 to 40 per cent, of the boiled oil, andtrecommends the mix- 
ture, to he made at 140'’ to 150’ C. with 5 per cent, of fused lead- 
manganese rosinate, or 2*5 per cent, of precipitated I'osmate of 
manganese, being used as drier. The boiled oil so remains pale and 
bright, whilst pure fish oil heated alone with driers darkens greatly, 
and deposits foots copiously. 

As examples, Meister gives the oxygen absorption numbers for a 
sardine fish oil (iodine number 183*4), for the boiled oil made from 
it, and for a boiled oil with 75 per cent, linseed oil and 25 per cent, 
fish oil. Parallel with these are shown the figures for a raw* linseed 
0^ and the pure boiled oil made from it. 
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Boilt^cl Oil Adultemfed with Mineral Oil. An contrast to rosin 
•niul rosin oil, mineral oils with their low iodine ahsorjitions absorb 
no oxv^en from the air. Lipjiert found that several sainjiles contained 
no ingr(‘dients volatile in the air; no oxyi^en absorption number was 
obtained. Speaking" generally an ailditioii of mineral oil to boiled oil 
lowers the oxv^en number; ib«, lime of dryiiij^ may remain the 
same, the time of “ settin;^ ” may even be accelerated. ljipp('rt de- 
scribes a motion of the inner half of tin; liini ; a se))aration of the 
mixture occurs and the mineral oil rises to the surlace. live pm* 
cent, of mineral oil can nsidily be deteeb'd by the iin^m*, as the boiled 
oil skin lemains Ix'bind whilst a jnire linst'ed oil adlu'rt's. Lipjiert 
made a series of (*xpenm(Mits on petrolitm’ous boiled oils of which the 
following aie examples: - 

ACTION Ob’ MlNEli\L OIL ON UOll.Kl) Oll^S. HKTAllD.VriON OF 
DllMNC.. 


Ox.VK‘‘>' 

\l)H')ri)tion No. 


Mangancsi' I'Xidc boiled oil -1 

,, ,, with fi per cent iiinioral oil ' 24 

10 „ 21 

2 /’) . 1 21 
r, !, AO „ 72 

A more extended table is eiveii by Andes, but as it tijaclu'S no 
useful lesson it is not reproduced b(*re.‘ 

In a latm* ])a})er Lipjxn't shows that tin* depreciation oi boiled oil 
adulterated with miiuirai oil is not manilest. Small (juantiti<*s ol the 
latter form on tlu* surface of dried boibxl oil a line layer ol the boiled 
oil skin w'bicb still combines with it and })artially envelo])s it. The 
mineral oil is not tacky. Such a film is as good and lustrous as a 
pure boiled oil. But Lipjiert is absolutely wrong in this respect That 
the direct heat of the sun will sW(‘at the mineral oil out in greasy 
streams, the How of which down a vertical coat of paint is most un- 
sightly, and that, toj, if the him is jierfectly hard and consistent in 
cold w'eather. Mineral oils have their use, but that is ne.itber in 
paint «tior varnish lilms. On the other hand, the mineral oif does 
not dry, the coat is not tacky but vea-y soft. It is neither boiled 
oil nor paint but a grease. When, however, a good boiled oil is re- 
quired for floors which is neither tacky nor cracks, mineral oil added 
to the boiled oil, Lippert claims, prevents such defects. It the layer 
of mineral oil on the boiled oil is but thin, it is eventually dissolved 

’ The author has yet to meet the painter that would use a boiled oil with even 
5 per cent, mineral oil ; it w'ould bo continually oozing and sweating out of the 
paint. 
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by the boiled oil and partially enveloped therein, and pu^^.j 
to form the new surface. The boiled oil therefore do^s not dry 
properly, it remains soft and soon becomes unsif^htly, especially 
when exposed to the heat of direct sunlight, when the coat of paint 
is covered by tiny eruptions like a miniature lake of asphaltum, 
Lippert is in this case of mineral oil in boiled oil quite unintelligible, 
and its addition is so obviously senseless that even to chronicle the 
merits and defects of the mixture is preposterous. 

lioiled Oil FooU. — A good boiled oil should be pale. It darkens- 
the more the longer it is heated. The number of driers affects the 
colour, ])articulaily manganese driers; soluble driers give a pale 
colour. During blowing, boiled oil is bleached to a certain extent ; 
likewise, during oil-boiling, mucilage is eliminated, A good boiled 
oil should be clear and mucilage-free. Small quantities of foots may 
form, but such quickly subside. A percentage of mucilage, it is 
claimed, docs not alter the drying capacity of the oil, but tliose who 
argue so forget it robs the oil of its driers, and not only so, muci- 
lage may start a process of decay when exjiosed to sunlight of which 
we know nothing. Pure lead-boiled oil shows a very bulky deposit 
of foots. Pure mangaiu'se boiled oil does not. Again the use of 
lead as rosinate forms no foots, so long as the amount of the latter 
is not too great. According to Lippert lead-boiled oil remains clear, 
with complete exclusion of air. The composition of boiled oil foots 
has not been satisfactorily determined. Lippert believes that during 
the boiling with lead oxide, lead glycerinates are formed, simul- 
taneously with foots. Yet he regards the foots as an oxidation pro- 
duct which remains on treatment with air, That may be so to some 
extent, but not necessarily. Kverything points to other sources, 
mucilage, solid fatty acids, insoluble metallic soaps, oxidised fatty 
acids, either free or combined with metallic oxides. 

The Folarmelric Examinatum of Boiled Linseed OiL — The be- 
haviour of boiled oil under the action of polarised light may be used 
specially for the determination of rosin and rosin oil therein. Fil- 
singer advises that boiled oil can be rendered paler by dilution with 
2 volumes of chloroform and 1 volume of absolute alcohol. Pure 
oxide and linoleate boiled oil only give a minimum deviation, rosinate 
boiled oils give a higher. Filsinger found boildtl oil containing rosin 
to give a deviation of 25^" up to -f 30®. 

Effect of Blmvimj of Linseed Oil on its Ilcxahromide Number . — 
But more important than all the above is the discovery of Hehner 
and Mitchell that during the oxidation of linseed oil by blowing its 
hexabromide number decreases. 

The Chemical Changes which Supervene During Storage of Lin- 
seed Oil and on Heating WithaiU /Icccss of Air, — What chemical 
change supervenes duririg the storage of linseed oil is an important, 
point, complicated by the fact that the same changes in much greater , 
Wjlfkses of oil supervene when linseed oil is heat^ without access of 
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air and heating without access of air eventually ends in dry distilla- 
tion. MuMer proved by his dry distillation experiment, and genern- 
tions of printing-ink makers long long before him, that linseed oi 
when heated gradually thickens and eventually passes into a 
ous mass used as bird-lime. Wo shall see later on that Jonas heated 
this “ bird-lime ” with nitric acid t» render it more solid and glutinous, 
a sort of rubber soluble in aqueous potash lye, also in much turps 
Sacc heated linseed oil in a retort, and a white vapour thickened 
in the neck of the retort with a smell of fish, hater on brown pro- 
ducts distil until the oil changes to a resinous rubbery mass. 
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Actum of HfcU on L'lnmid Oil. Partial I)ri/ Distillation of Lin- 
smi Oil. — MiikU-r Hul)jecUHl I’avv liiisi^ed oil to partial dry distillation 
l)y keispiri}.^ it in a ridort for dd hours at nearly hod in heat, hut he 
did not allow any trace of carhon to s(!])arate. In the first (i hours 
A per cent, of tlu! oil canu^ oviu* with the smell of acrolein, at first in 
fluid drops and then of a hutter) consistimce. In the, second 6 hours 
another 0 })ei‘ cfuit. came over as a white, huttery mass. From that 
time onwards the (piantity of distillate decreased so much that when 
the d() hours w’ere u]) almost nothing further had distilled. The 
distillation ri'sidue ctsled very little to e.ther, and left, when viewisl 
throuj^h a thick layer, a viscous dark-coloured ruhber-like mass 
which W'as straw'-yellow in thin layers. Miildm- teriiKal it artificial 
hird'limi'. J[(^ subjected several samph‘s to elementary analysis 
with the following comhustion results: — 

TAHLK SHOWING THE ELEMENTAHV ANALYSIS OF AUTIKICAL 
Bl HI Mil ME. 


' H. ; O. 

i - -- i- 

Found 71L1-71H) ' 11 *1-110 j 8*7-U*7 

Oalculatod for linoloio anhydride, . . 7'd*'2 [ 11*2 { ‘.Id) 

„ „ Iiuolenie 03 rtUs,, 0 ;, . . 80*3 | 10*8 | 8-9 

The rational interpretation of Mulder’s fnkitional distillation re- 
diulti seems to he to render the polymerisation theory of oil boiling 
a still-born theory, a theory which ought to have been stifled at birth. 
Polymerisation, as applied to Mulder’s artificial bird-lime, which is 
linseed oil less 10 per cent, of something else, is absurd. In a poly- 
merised product that 10 per cent, should still remain. What w^as the 
weight left in the retort of this artificial bird-lime ? The record is 
silent. Mulder’s experimental fractional distillation w'ants repetition. 
His results served his purpose. They do not serve ours. Inter alia, 
we want to see the destructive distillation results, not only of lihseed 
od carried to pitch, but also of artificial bird-lime itself. 

( 202 ) 
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From the combustion results of bird-lime Mubbu* thought he had 
obtained tl»e anh\diide of linoleic acid, and, as the formula FjH: 
then given to rubber, so lie looked upon the anhydride of linoleic 
acid as an oxidation ])roduct ot rubber. In the distillate Mulder 
elaiiiK'd to hav(‘ found- (1) palmitic acid, ni.p. Ii2" (\ ; (2) 

inyristic acid, m.p. 63' (^; (^1) sehacic acid, in.ji. 

126'' (b ; (4) acrylic acid, and (6) vai ions ' Iluid fatty acnds, 
amongst them (h) cajiric and (7) caprylic acids, iinally hydro- 
carbides, which 1 h‘ did not further investigate. Muldm- further 

claims from the above distillation d.ita that the. whole of tin* glycerine 
was split off, that the acrohun was oxidised, that tlu' ]»almitic and 
mu'istic acids jiassed over as 
such, that the ohuc acid was 
oxidised to seliacic acid, acrylic 
acid, etc., whilst from the lino- 
leic acid watm* was s])lit off 
and the acid 'remained behind 
in the form of linobuc anhy- 
dride. This linob'ic anh\diide, 
dissol\(‘d in ])otash and piecipi- 
tati'd with acids, ga\(‘ linoleic 
acid, also a thin iluid oil, h^av- 
htg, after this treatimmt, ac- 
* ording also to Mulder, a glutin- 
ous, «»lastic, sbruelled mass, 

'Completely soluble in {‘ther, 
leaving behind on distillation of 
tin; etlier a resinous substance 
only slightly solubb? in absohiti' 
alcohol. Mulder explained this 
behaviour on the assumption 
that the linoleic acid wa^ “ poly- 
merised” to an acid, 
with double the moleculai- 
weight. Tiiere can now he no doubt that Mulder’s anhydride of 
linoleic acid was not a simple body and ])robably still contained 
glycerine. Mulder (^)tained (juite* another result when he h iated 
linseed oil to a high temperature in a retort. There lirst came.over 
(1) a small (juantity of comhustihle gas; the.n (2) 3-H per cent, of the 
whole mass passed over as a pale watery white fluid with a strong 
odour of acrolein ; (3) on standing the distillate became coloured 
and deposited crystals. The supjiosed anhydride of linoleic acid also 
behaved similarly on heating to a high temperature. It also left a 
perceptible amount of a water-white distillate which became coloured 
on standing. Mulder did not examine the latter further but believed 
it to* consist of hydrocarbides. It may confirm Mulder’s assertion 
ivhen it is stated that Battler, on dry distilling linseed oil, produced 
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' petroleum hydrocarbides, whilst Tilden obtained or + coprene. 
The thick oil, got by boiling linseed oil, without driers, in* oil-boiling 
pots, with lids, and thus shielded from air, was so prepared centuries 
ago, chiefly for use as printing-ink vehicles. Raw linseed oil generally 
contains traces of water, which are evaporated at 130° G. (260° F.). 
This tem])erature, formerly known as the boiling-point of linseed 
oil, is still so known to some extent. But in the manufacture ot 
thickened oils higher temperatures are necessary, and a thermometer 
is listed to measure these instead of the burnt-leather test. The latter 
was dipped into the hot oil to see whether the heat singed or 
shrivelled it, or not. Mulder gives 310 to 320^ C. (590 to 008° F.), but 
indicates later that the temperature for thick boiled oil is appreciably 
higher. VVeger declares that boiling oil in this way, viz. by 
bubbling air through it, is not practicable at a lower tempeiatuie 
than 330° G. (020''’ F,). However, Livache gives 250 to 270' G. (482 
to 518° F.) as the right heat to use for lithographic pi inting-ink vehicles. 
When the boiling is tinished the vapour is set on lire and lett to burn 
for a short time. In Great Britain this product is termed “ Burnt 
Oil". On the Gontinent, thickened oils are known as “ Stand Oil," 
“Thick Oil," “Printing Ink," “Boiled Oil," “Lithographic Boiled 
Oil". 

ANALYSIS OF TUUEL THICKENED OILS FROM A PRINTING-INK 
FACTORY COMPRlSlNC’r THREE DIFFERENT PHASES OF THE 
OIL ROILING PROCESS. (FAHRION.) 

Acul lotliuo OxyuinUs, I 

Nutnl)tr Number. per (Vnt. 


.\. Thill and tluid 
R. Thick and tacky 

0. ,, VISCOUS 

Glycerine was of course split off during the oil-boiling, but sample 
C. must still have contained the greater part of its original glycerine. 
Here no sure conclusion can be drawn from the acid and the saponi- 
fication numbers ; therefore it is not evidence that a portion ot the free 
carboxyl groups have been changed by forma^jion of esters. loom 
the oxyacid content it is evident the air was not rigidly excluded. 
Agam, the absorption of the oxyacids was in no way proportional 
to the decrease in the iodine number. This decrease must, therefore, 
have another cause than oxidation. It is ascribed to “ Polymerisa- 
tion," the aggregation of various molecules with one another in the 
place of the double bonds : — 

(!h CH (llH— CH 

II -I- II - 1 1 

CH CH CH— CH 
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Confirmation of this hypothesis is supposed to be found in the^ 
fact that the above-mentioned products B, and C. from the same 
thickemed oils were different. All were of syrupy consistency, whilst 
B. and C. were tacky, and left long thin strings, a property which dis- 
appears in the oxidised oil. But the latter has the property of mix- 
ing with water, to form an emylsion, which do^‘S not occur with 
polymerised oils. For some time the term “ polymerisation ” has 
appeared both in trade journals and in textbooks, and is v(‘ry evi- 
dently grossly and systematically misused by not too well-informed 
writers, who hide a general lack of knowledge by language calculated 
to impress. Fahrion complains : “ One (the man in the street) cannot 
understand Lewkowitsch when he writes that th(‘ chemical chang(*8 
which supervene during th(‘ thick boiling of linsceil oil are not 
comjiletely understood, and yet classifies them under the term 
‘pol\merised oils’/’. 

Some years ago, Leeds examined a series of “ jiolymerised ” oils 
of various consistency, 1 to 5. No. G is a so-called “burnt thin”. 
The table shows a continuous rise in the specific gi*avity, the oxy- 
acids, and the free fatty acids; first a rapid, tlum a slower di^creaso 
in the iodine number. That the saponification miinhei* first increased' 
to fall later is due to the foiUnation of volatile fatty acids which, later 
on, are volatilised at a greater heat. 

IdUNCfNd-INK YEHlCIiKS. (LEEDS.) 
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1-50 
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0-62 

2-50 ! 

l(X)-0 

(8) Middle . 

. ()U721 i 

1-71 

1 197-5 ; 

0 85 

4-20 i 

91-6 

(4) Strong 

. OU741 I 

2*10 

! 190-9 . 

0-79 

. 6-50 i 

86-7 

(6j Extra strong . 

. 0•J7^0 

2-51 i 

188-9 ' 

0-91 

' 7-50 1 

H3-6 

(C) Burnt thin 

. o-i)r.75 : 

0-03 

i 195-5 

1-85 

0 85 ! 

92*7 

Oxidised oil (weak) . 

. 1-03 ! 

lH-28-4 1 

221 1 

0-Hl 

, 42-H2 j 

58-8 

„ „ (strong) 

Dried linseed oil . , 

§ 

. : 1-05 j 

lH-4‘J-28'0 j 

22 *5 1 

0-97 

1 44-19 ! 

53-5 

! 

12-67 1 

1 

171-5 

0-HJ 

31-58 j 

93-9 


TWe unsaponifiable increases throughout being largest in amount 
in the burnt oil. Hydrocarbides are also produced, but to a very 
small extent. In the case of the mixed fatty acids the specific 
gravity and the iodine number generally run parallel with those of‘i 
the glycerides. The great decrease in the iodine numbers of the 
linseed oil fatty acids by the above method of heating requires ex- 
planation ; the evident shrinking of the mean molecular weight is 
probably diie to hydrolytic products. It may be safely concluded, 
-irom the above figures that the changes which occur during oil boiling^ 
4 we not due to retrograde saponificatiom 



200 tut: manufactube of Vabnishes. 

PUINTINC-INK VKmCLKS. (LEEDS.) 
:\rixi-;i) Evtty Acihh. 
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‘11 
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2H 
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20 
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1 20S-.S * 
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The DeA' reused Si)luhilihj of Thick Oil and Stand Oil in Alcohol. ■ 
II. Arnsel found thick oil and stand oil less soluble in alcohol than 
raw oil. The test was made, thus* 1 ^M*ainme of oil with ‘20 c.c. 
alcohol at suninuu’ temperature witli fre(]uent shakinj^; let stand 
24 hours and then 10 c.c. liltert'd off. pure linseinl oil in this way 
^ave 20 per cent, in solution. Four samples of thiekmu d oil i^^ave : - - 

TAIO.E SHOXyiNO (n) SAPONlFtC.VrtON NUMBEK. (0 IODINE NUM- 
HEU, AND (c) SOl.UBILlTY IN ALCOHOL OF FOUR SAMPLES OF 
THU’KENEl) LINSEED OIL. 


NumlHT of 

Sapniiilicfttlnii 

1 Iodine 

1 Solubility in 

Haul pit*. 

Ninnbcr (a). 

Nmnher {f>). 

i Alcohol (( ). 

1. 

195 ! 

94*4 

18-5 

11. 

194 

104 

17-7 

HI. 

209 

j — 

9*2 

IV. 

192 

1 

1 

C-0 


The Increased Jiefraciion of Heated Linseed Oil . — With stand 
oil and thickened oil there is a considerably higher refractioR than 
for raw oil (HO to 81*0 at 25° C.). 

REFRACTION OF STAND OIL AND THICKENED OIL. 

Bulyrointjtrn' 
Refraction (25^ C.). 


Commercial stand oil 99*3 

Thickened oil 


Tl# refraction increases with the temperature. 
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TABLE SHOWING INCREASED REFRACTION ON HEATED L]NSEE1> 
OIL. (WEGER.) 

Biityvoiuctrn' 
IvelViu tion {‘2r>‘’ 


I’ainfc bnseed oil 81*3 

,, ,, T) hours hoaled lo 150 ' C'. . . . 82-7 

,, ,, in litru rtask boated tu 280'’ C., imu’iliigc 

freed 82*1 

,, ,, in lUri* Hask heated .‘UrC imu-ilaj;o 

frec'd 82’.') 

,, 40 hours licated to 180" to 11 >0" . 00 ’1) 

,, ,, 5 minutes to 800" C 102‘8 


Lowkowitsoh found durino boiling of litistH'd oil that tlu' lioxjt- 
broniide value rapidly decn'ased. 

ANALYTICAL RESULTS OBTAINED BY LKWKOWITSCH IN THE 
EXAAIINATION OF NINE SAMPLES OF LITHOGRAPHIC INK 
VEHIGLESP 




Density 
ill 00® i’. 

Sa])om- 

liculioii 

Value 

]<Mluie 

Value. 

Hex.i- 

broimdes 

llclilier 

Valu(‘. 

Ovidiscd 

Fal.ty 

Aculs. 

Ciisa- 
IMuiiliable 
M alter. 

Raw linseed oil 

0-y:{08 


180*1 

21*17 




Linseed 

oil 




1 




heated to 000 

"F. 

(Hmt 

— 

170*8 

i 8*41 


— 


Thin varnish 1. 

0-y()7G 

180 -5 

107*7 

■ 017 

0P75 

4*17 

1*70 


II. 

o-yo!)j 

108-0 

1‘2.")*8 

2 00 

OPH 

()*:14 

0*18 

Medium T. 


O'OGOS 

101*1 

121*0 

0*05 

08-8 

1-48 

0-57 

„ IL 


' 0-0708 

100*5 

120*5 

0*0 


1*58 

1-8 

Thick 1. . 


[ 0-0720 

. 100-0 

100*4 

. 0*24 

04*08 

C-80 

1 -45 

„ H. . 


■ 0-0747 

108*7 

118 5 

1 0*0 

05*0 

0-80 

0-25 1 

Burnt 


' 0*0012 

178-G 

102-00 

1 0 0 ' 

! ' 

03*58 

' 0*12 i 

1-14 1 








Iodine Value of 



!(}lyc<‘rnn* 

Acid 

Actyl 

Vidue of 

fjKlUld 

Fatty i 
A(idh. 





Obtained. 

Value. 

Value. 

Fatly 

Acids. 

Li(|uid 

Solid 







AckL 

Aelds. 

Thin I. . 


9-71 

6*00 

0-5 

, 114-74 i 

.‘30 31 

181*29 

100*2 

Thick I. . 


0*17^ 

5*12 

10-5 

, 118*5:1 ; 

! 82*81 

! 

180*4 

100*43 


Bearn analysed a series of printing-ink vehicles, which were pre- 
pared by heating linseed oil for a longer or shorter period at 300'" (k 
and then “burnt 


* Seven commercial samples were purchased and grouped according to their 
specific gravity. They gave the above results. The second samples, thin I. and 
thick I., were still further examined and the fatty acids extracted by Warrentrap’a 
method. 



TABtE SHOWING' ANALYSIS OP A SERIES OP PRINTiNG-INK 
^ VEHICLES. (BEARN.) 


Class ol' Veliuile. 


Free Fatty 

lTnsa|Kjn»- 

Siipnii- 

Iodine 

NumWr. 


Acids, |«T 
Cent. 

liable, pr 
(Vjiit. 

ticiition 

Number. 

Vory tliin slaiid oil 
Thin 

0-9152 

3-19 

0-35 

180-5 

157 

0-9405 

4-43 

0-27 

178-4 

123-2 

Middle ,, ,, 

0-9674 

5-25 

0-31 

183-8 i 

115-4 ‘ 

Thick ■ ' 

0-95H9 

0*90 

0-38. 

182-0 i 

75-1 

Very thick ,, ,, 

0-9070 

J 

10-20 

l_ 

0-43 

190-3 

59-0 


Th (3 chief point in this table is the unsa])oniliable content. It falls 
slif^htly, to rise again, as during the boiling of the oil a portion of 
the original iinsa])oniliable is destroyed, but no fresh iinsaponitiable 
matter is gmierated. Tixier'.H YViror//. - Another anomalous i-esult 
was obtained by A. Tixier. In his opinion linseed oii when heated 
alone, with exclusion of air, to about 300'' C. (.072" F.) loses little in 
weight, as the acid number and saponilication number change little. 
However, the s])ecitic gravity rises above 1 and the oil sol idi lies. 
Tixier likens the process to an aldol condensation, the carboxyl 
groups remaining combined with glycerin, and as oxygen is not 
present, aldehyde groups cannot be produced. Moreover, a rear- 
rangement of the liydi'ogen atoms can hardly occur without a re- 
ciprocal neutralisation of the double lionds, Sucii can be im^igined 
in regard to the inner half of the molecule without “ polymerisation 
The increase in gravity and consistency favour a higher molecular 
weight. 

Fokin s Experiments. — He, at one time, heats linseed oil in in- 
different, gases, (X).j, NH 3 , at another time in sealed tubes to 250 
to 300" C. (4iS2 to 572" F.). The greater thickness obtained was traced 
back to “ polymerisation ”. The polymerised glycerides can no longer 
be split up by lipase, and therefore the linolenic acid first polymerised 
may be isolated thus by the splitting process. In the determination 
of the freezing-point in benzol solution the molecular weight was 
found to be 2083, the original gave 0’832., The iodine number of the 
polymerised oil was about' 141. In another research the linseed oil 
was heated for 50 hours in a sealed tube to 240 to 270° C. The 
‘molecular weight was 1913, the free fatty acids 32-6 per cent.|»iodine 
number 97’5. The lipase treated product was dissolved in petroleum 
ether and boiled 3 to 4 hours with bone char. The evaporated 
residue gave the molecular weight 564. Fokin therefore concludes 
that a depolymerisation of the bonds has occurred with the formation 
of di and monoglycerides. A thii-d polymerisation product had the 
specific gravity 0*981, the molecular weight 1681, with 13*8 per cent, 
free fatty acids. By boiling the petroleum ether solution with bone 
fchy the molecular weight sank to 1239, and on further treatmeiii,^ 



^fth li^se to 853*5/ In a fourth research the linseed oil was neatea 
under a pressure of 90 to 118 atmospheres for 30 hours at 250 tc 
270*’ C. In spite of very great thickening the molecular weight onl} 
rose to 932*1. The question has been asked whether the thickening ir 
this case was not due to physical causes. Free lipoleic acid heatec 
an a sealed tube doubled its molecular weight. It will be seen tha 
the chemical action which occurs during the thickening of linseed oi 
by heat is by no means perfectly clear. On the technical side th( 
question has been raised whether linseed oil bleached by 8ulphuii< 
Lid should be used for stand oil, as small traces of this acid in th( 
refined oil impart a dark colour to the stand oil made from it. N( 
drier is used in the preparation of printer s-ink vehicle, as it adherei 
so strongly to the type that it cannot be removed by hot lye. In thi 
preparation of thick and stand oil, the oxygen of the air should no 
be utilised ; heating in a vacuum is to be preferred. A. Genthe cover 
the oil with a movable sliding door. Finally, attempts have beei 
made to remove the decomposition products in various ways. Tlv 
< 5 hief ingredient of printing-ink vehicles is linseed oil after bemi 
boiled in a very special way; sometimes hemp oil is cheaper bu 
worse smelling. A limpid, quick-dicing oil, like that 
Tarnish-making got by boiling the oil at a heat below 220 C. (3t>2 r .), i 
not wanted, but rather a viscous, partially resinitied, partially deconi 
.posed oil such as is obtained by heating the oil a long way above it 
flash-point, i.e. above 250^ C. (522^ F.) (vide infra ) ; such an oil leavt 

jno greasy stain on paper. . , 

Medium for Printimj Ink and Litlmjraphtc \armsh hxpermen 

Run about 4 ounces of linseed oil into an 8 ounce hard-glaf 

flask. Weigh the flask* without and with its contents. rlac 
the flask on a ring (Fletcher’s burner with foot) and heat ver 
cautiously at first, using a low blue flame, then increase the het 
m-adually and watch the oil; it may possibly “spawn ” or “ break 
lowing to the presence of mucilage, but continue heating unti 
^'when at about 550^ F. is reached, the oil takes lire at the mout 
^•of the flask. Note the exact degrees Fah. . Put out the gas thei 
extinguishing the flame from the linseed oil vapour by covering tr 
fe mouth of the flask with not too large a piece of damp but not wj 
^loth. Then after the flame has been extinguished, remove the ciotl 
i^ontinue to heat the oU at 550" F, until it catches fire again ; agai 
Extinguish, and again reheat until it takes fire once more. Put th« 
&gas out, let the oil cool on the Fletcher ring-burner on foot, and then 
L?e-weigh the flask and contents and note the loss in weight, lle- 
|:^nt the clear oil from the deposited muedage. This experiment 
IWhes numerous lessons. The most important are : (1) The lesson 
i^f^veyed, the loss in weight which is not all due to the burning o 
the oil. (2) The fact that the vapour given off by the decomposi- 
fhnEf the oil is not a will-of-the-wisp even if it burns. (3) Thaj 
" mr was being given off long before it caught fire, as it affected 
VOL. L 
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*both eyes and nose previous to spontaneous ignition. (4) That it is. 
not the vapour of the actual oil that catches fire but the vapour of 
the products into which the oil is so far resolved by the destructive- 
distillation it undergoes in heating from 60° F. to 550° F. Linseed 
oil so long as it remains linseed oil is not volatile. (5) That the fact 
that linseed oil when boiled at a high temperature gives off an in- 
flammable vapour which takes fire spontaneously irrefutably de- 
monstrates. that the polymerisation theory as applied to oil boiling 
is, to say the hnist of it, unpardonable rank chemical heresy. (6) 
Note that the oil is so viscous that it does not readily flow from the 
flask, but that is not Ix^cause the oil is polymerised ; it is thick(med 
partly by oxidation, partly by fractional distillation. (7) Note that it 
does not stain paper. In fact, the operator will in all probability 
have made an excellent sample of printing-mk vehicle, and that too- 
in less than half an hour ; and if the experimenter bo a printer he can 
readily test the efficiency of Ids ink by rubbing it up with the recjuisite 
amount of lampblack. The printing and lithographic classes in 
technical institutes where the manufacture of painters’ oils, colours, 
and varrushes are taught should be so far aflUiated that both the 
lithographer and the printer, and apprentices in particular, should be 
taught by actual practice in the Oil and Oolour Tradt; Laboratory 
how to make their own printing inks — i.e. how to incorporate lamp- 
black, vermilion, and other pigments with the samples of printing- 
ink vehicle they make as in the experiment just described. 

The reader, after performing the above experiment and -testing 
his product in every way that may occur to him, will have a far better 
idea of what printing ink and its vehicles are than can be conveyed 
to him by any written description. If it be desired to make a 
larger quantity, then an enamelled iron pot may be used, and if op- 
portunity occurs sufficient ink may be made to test it on the printing 
or lithographic machines in a printing and lithographic school. 

llejinimj Raw Limccd Oil for Priniimj Ink . — In the experiment- 
just described, we sa\v that the linseed oil “ spawned ” or “ broke ” or 
was liable to “ spawn ” or “ break ” . The object of refining is inter 
'alia to eliminate this mucilage or “slime,” as the Germans call it. 
Old tanked oil of prime quality is used to avoid the too dark 
colour and the not too pleasant smell of ordin.-ry raw oil. It should 
be tanked a year or two so that all suspended impurities have com- 
pletely separated out. Old tanked oil should be used, but' it must 
still be specially refined by sulphuric acid. One great object of the 
sulphuric acid treatment is to bleach the oil, but unless the refiner be 
a man of experience the colour of that oil will in all probability 
be worse after treatment than it was before, although, as already 
mentioned, it can bo got as near water- white as may be. The or 
is mixed in a- lead-lined vessel with 1 or 2 per cent, of sulphuric acid 
gOf about 103° Tw., specific gravity 1*515, and heated for severa 
i hours by means of a steam coil to a temperature of 90° C., taking 



Tte TIiCHNidiL CHBHIStKY LlrfSEEB ‘21^ 

care not to go beyond 100'’ C. The oil is then pumped into anothef^ 
tank to all(jw of the deposition of charred matter, and is afterwards 
-decanted into a tank containing hot water, with which it is well washed, 
running olT the wash water and agitating afresh, ami so on until all 
trace of acid is removed. The oil is then boiled. As drying oils con- 
tain a certain quantity of fatty matter (paiinitin) which does not dry 
and causes the printing ink to blot or blur, it has been recommended 
to eliminate it by adding to (‘very 1000 parts of oil 1 or 2 parts of 
fuming nitric acid, which decomposes the palmitin into glycerine and 
palmitic acid, which may thus be precipitattnl as insoluble palmitate 
of lead or manganese. This process is an awkward and a dangerous 
one, not adopted to any extent; fuming nitric acid, in conse(pience 
of being easily decomposed, is by itself a dangerous substance ; this 
danger is intensified to the highest degree when the acid is mixed 
with organic matter. l)ang(‘rous explosions may result and the oil 
take fire. 

Dvacriptlon of Oil lioilimj-jian i)i which Liuscvd Od is ''Boiled'* 
so as to Concert it iiito a Printin-fj-ink Ve.hicte. If the in jection of air 
be not resorted to by adopting om; or other of tln^ methods of air- 
blowdng of oils, a pan capable of being heated over a naked lirtj must 
be used. In boiling oil by steam it is thickened by oxidation. In boil- 
ing over a naked fire it is thickened mainly by dry fractiorml distilla- 
tion. In the latter case the oil is boih*d either in a cylindrical copper 
pan, the lower half of which fits into the brickwork of the. furnace, 
where it is kept in position by a collar which at the samci time acts as 
a gutter to collect any overflow, or in a cast-iron enamelled ])an. Tho 
pan is handled by an iron hand encircling its top. Attached to the pan 
are strong lugs by which it is moved about safely. The capacity is 00 
to 85 gallons. But in certain important factories in France, says 
Livache, the boiling is done in jacketed pans which do not cube less 
than 600 to 700 gallons; but in Fondon that would be a small pan, 
where they boil oil in pans that take 10 tons at a time. In such 
cases a mechanical agitator is kept going during the boiling process, 
which may last two or three days, and with a 10-ton pan it is generally 
a horizontal helicoidal agitator like the proj)ellor of a ship. But 
steam boiling must not be mixed up with fire boiling of oil. Jt has 
a special section to itsdl. 

The Actual Process of Fire Jioiliiuf of Raw Linseed Oil so as* to 
Convert U into a Printingdnk Vehicle. — The pan is filled half or at most 
three-quarters, a moderate heat applied so as to eliminate moisture. 
The slight ebullition caused thereby is not to be regarded as the “ boil- 
ing” of the oil, although in former days it probably gave rise to the 
term, it is really the boiling of the water in the oil; when the oil 
‘boils” quietly, i.e. when the water is expelled, the fire is urged . 
intil volatile, pungent, and disagreeable smelling products are given 
>fF. This takes place at a temperature of 250® to 270® C. (482® to 
il8® F.). In certain factories the workman satisfies himself as to 



^18 being the case by dipping in organic matter, such as a feather,! 
for instance, which ought to inflame ; of by projecting hue drops of , 
water on to the surface of the oil, which as they fall decompose and : 
scintillate, or, in other words, present, in consequence of the absorp-^, 
tion of oxygen by the oil and the inflammation of the hydrogen, the , 
appearance of stars. The fire is. now carefully watched, for the oil 
may froth over or the vapours ignite. The frothing over is ; 

bv adding a little cold oil. The oil becomes bright and more fluid at 
first, but, on being kept at this temperature for 1 or 2 hours a browm 
red skin forms which is skimmed off as rapidly as possible. The 
temperature is now raised to 310^ C. (590“ F.), and kept at that for half 
an hour, watching the process with the greatest of care as the spon- 
taneoiisly inflammahle vapours are very apt to catch fire. A wel - 
fitting lid and wet cloths should be always at hand.^ The fire is et 
die down and the heat lowered to 2G0 C. (490 b.) to ^70 . 

(518“ F.) when the pan is taken from the fire, covered with a id and 
cooled. Certain makers, instead of cooling the oil after taking i 
from the furnace, set fire to the vapour it emits, and let it burn for a 
tew minutes, as was done in the experiment previously described.. 
They regard this treatment as indispensable to the production of a 
ood article. Others contend that the same result is got by boiling 
he oil a little longer, which saves the appreciable loss of oil m- 
urred by burning, and a much paler oil is obtained. Without ex- 
■ressing an opinion either way it may be well to point out that Savage 
vas unLubtedly correct, because linseed oil when heated by a fire heat 
,nd air not blown into it, does not thicken sufficiently uidil heated 
.eyoiid the temperature at which the vapour given off by 'mseed 
,il catches fire spontaneously. If the partial dry distillation of tl^e 
inseed oil has not been carried far, one can readily imagine it wdl 
36 as well for those vapours to be burnt off as to fall back into t e 
3 il. As to the oil darkening by burning, if tha,t be so the ^^kening 
is so small as to be inappreciable. To heat linseed oil above t ^ 
temperature at which its vapours catch fire in air, without spontane- 
ous^nition, the air would have to be replaced by an inert gas, a^ 
that would spoil the oil. This attempt to belittle the burning process 
is only another absurd attempt by ultra-grandiose theorists ab8(> 
lutelv ignorant bf the rudiments of the subject they pretend to tMo| 
in order to prove the rule-of-thumb man wrong. It is not a question 
of whether inflaming the oil is a necessity; but who and what is h 
■prevent linseed oil from inflaming when its temperature is tai^ f(^ 
•above its flash-point, above that at which it sponteneously ignite^ 
This the author (McIntosh) found it to do at the orifice in a m lun 
narrow necked 6 to 8-oz. flask, an ordinary necked S-ox. flask u 
fact, when the oil registered a temperature of 525 t. _ 

String ” Test.— The exact moment when tl^e ought 


' OiTlfly — 

.removed from the fire is determined by the " string 


test. 
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of oil is taken from the pan bn an iron sgatula, and || 



iLpiaiy. A drop is taken and pressed between the finger and thurab|| 
which aretthen gradually drawn apart as far as possible.; If the oil#^ 
is sufficiently boiled, the thread joining the linger and thumb to- 
aether stretches 1 to 2 inches without breaking. 

Properties of Good Printing Jni*.— Good printing ink has the ^ 
requisite body of a pale, bright yellow colour— not deep yellow or 
brown— and is not cloudy from matters in suspension. It is very 
evident that the body of the oil will depend upon the purpose for 
which it is intended. For printing books and lithographic work an 
oil having a good body is required, whilst for newspaper printing a 
soft, almost fluid oil is used. According to Villon, who made an 
elaborate study of printing ink, live kinds of oil of dillerent body or 


consistency are in the market, VIZ. : i i i- a 

(1) Extra strong, (2) strong, (:t) meiliuin, (4) weak-bodied 
oils, and (5) drying oil. Thu strong-hodied oil (2) is used in 
for very particular work with the hand press. The mediuin oil (. ) 
is used in ordinary weather. The weak-bodied oil (4) is used in 
winter with the mechanical press, whilst the drying oil (ri) is used to 
prevent the formation of the oily ring around the letters. 

Drien and Extra Strong-bodied Oif.— Usually no driers are used, ^ 
because oil boiled with driers would clog the type, and could not he 
removed even when washed with a hot alkaline solution. There is 
sometimes, however, an advantage in using such an oil, and to meet 
this want the oils known as “ extra strong ” and “ drying oils are 


The “ extra strong-bodied ’’ oil is made by boiling with lead salts, 
and the “ drying ’’ oil by boiling with an oxide or salt of manganese. 

.Stroiw-bodied oil (2) \hnik forte) is prepared by setting fire to the 
oil letting it burn for five minutes, and stirring several times. The 
flames are put out and the oil again set on lire, twice at least, qiid 
' sometimes four times. The cooled oil- strings like treacle. The 
“fatty” oil is made by shortening the burning process, and is iiiter- 
nediate bet%veen the other two. Nowadays a process similar to that 
ised in making ordinary printing ink is adopted. The removal o 
rrease by onions or bread is then effected by nitric acid, as previously 
’ndicated, or by magnesia. This latter, which is extensively used m 
England, consists in-'adding 2 per cent, of magrtesia, boiling for 
in hour, and decanting. The oil is then run into a pan capabb of 
holding 42 gallons, and gradually heated to 182 0. (327 b 1 
3 hours being occupied in attaining this point. About IJ lb. of finely 
ground bichromate of potash is then added, and the temperature is 
raised to '300° C. (572' F.), stopping the frothing of the oil by adding 
ft little cold oil, then it is kept for half an hour at a temperature 
Ween 316' and 320° C. (599' to 608' F.), after H lb. of 
blue have been slowly added. “ Strong-bodM ” oil is thus obtained 
ihterkediate between the other two. To “»ke“ fatty od he w 
Heated for 6 minutes to 300 to 305 C. (572 to 581 F.). 
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“pale'’ oil the heat does not rise above 27«5° G. (627^ F.), which is 
# maintained a quarter to half an hour according to the objeet in view. 

In reference to certain so-called “ rule-of-thuinb ” practices in 
connection with this process, it is necessary to point out that the 
badly informed theorist is unaware that the onion contains sulphur 
in organic combination, in such combination in fact that it readily 
yields itself to the partial vulcanisation of the oil, and contributes 
to the drying, thus acting beneficially on oils intended for certain 
purposes, more especially for printing ink. Nor is there any reason 
why bread should not accumulate palmitin in its pores. Why should 
not bread act in much the same way as a “hygroscopic” sub- 
stance to palmitin, the most viscous of the ingredients of linseed oil? 
Those who in season and out of season would air their sujKn'ior 
knowledge should take care that they are not the ])ersons whose 
lack of true scientific knowledge is most palpably in evideuice. 

The highly com]jlex organic sulphur compounds elaborated in the 
onion act chemically on the oil to form sulphur cohipounds; they 
partially vulcanise it just as litharge is reduced to metallic lead and 
parts with its oxygcm to the oil. In like manner the “ drying 
oil ” is obtained by heating for 15 hours at 275" C. oil to which 
0'05 per cent, of the hydrated oxide of manganese has been added, 
or by boiling oil for 24 hours at .‘100" C. (572" F.), with O’O 
per cent, of black oxide of manganese. If borate of manganese be 
used 4 11). of this salt are beaten up with 25 lb. of linseed oil, and 
the homogeneous mixture run into 200 lb. of linseed oil, and the whole 
heated for hour at 250' 0. (482" F.), or J hour at 316" C. (600" F.). 
This should give a 2 per cent, solution of borate of manganese in 
the bulk of the oil. Some manufacturers are said to add 24 per cent, 
of oxalate of manganese (MnC-p^H^O) whilst applying heat for 
3 hours at 150° C. (302° F.) to 160° C. (320° F.) — but that is far too low 
a heat to dissolve that drier — or simply add a manganese soap 
dissolved in coal-tar naphtha petroleum ether, turps or white spirit. 
Turps is a better solvent for linoleates and rosinates than white 
spirit. 

U.'fe of Eosin . — Black rosin is an important article in the com- 
position of good ink ; as by melting it in the oil, when that ingredient 
is sufficiently boiled and burnt,^ the two comMne, and form a com- 
pomad approximating to a natural balsam, like that of Canada, wdiich 
is itself one of the best varnishes that can be used for printing ink. 

» When great body is required without having recourse to prolonged 
boiling, rosin is added. Rosin is, in fact, extensively used in the 
making of printing ink. With ordinary black ink, common rosin is 
used, but for fine, coloured inks, pale American rosin is employed. 

> Note the-iQ words, because they inculcate a principle which is this, that 
^^TOBin when heated to a certain temperature, that is, subjected more or less to dry 
^stiilation for a certain time, ceases to be rosin and is changed to a new body,, 
' altogether more fit for the duties it is called on to perform. 
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The rosin is melted, filtered lo eliminate rubbish, and added to the 
oil during. cooking or boiling. When very high-class inks are re- 
quired for jobs to be executed in an especially neat and delicate 
manner, balsam of Peru, Canada balsam, or copaiba l)alsaift are used 
instead of rosin. 

Copaiba balsam is said to produce a good extemporaneous ink 
AYhen mixed with the proper quantity of soap and pigment. 

Ihiham of capiri, mixed by a stone and a muller, with a due pro- 
portion of soap and pigment, forms an extemporaneous ink, which 
the printer may employ very advantageously when he wishes to 
execute a job in a peculiarly neat manner. Canada balsam does not 
answer quite so well. 

S<fap , — This is a most important ingredient in printers’ ink, which 
is not even mentioned in any of the recipes prior to that in the 
“ KncyclopaHlia Britannica ”. For want of soaj), ink accumulates upon 
the face of the types, so completely as to clog them up after com- 
paratively few impressions havn^ been takeii ; it will not wash oil* 
without alkaline lye and it skins over very soon in the pot. A certain 
quantity of hard soap is added to the oil during boiling, which imparts 
suppleness, but its principal object is really to facilitate the cleans- 
ing of the type, enabling this to he done with a brush. The soap 
ought to he perfectly dry, that is, to liave been left for a long time in 
thin slices at 100'’ C. (212’ F.), until it ceases to lose weight. 
Ordinary yellow rosin soap is used for common black ink, but for 
fine ii>ks, for light and delicate shades of colour, white curd soap is 
used. Too large a proportion of soap retards drying and gives rise 
to irregular printing. The printing-ink maker should only us(^ as 
much soap and no more as will cause the ink to work clean and 
without clogging the type. The following are a few (ixamples wdth 
quantities : — 




Mi'diuiii. 

Orduiarv 


It). 

It). 

lb. ' 

Boiled oil ... 

. 100 

100 

100 

Rosin .... 

. 26 

60 

75 

Soap .... 

4 

G 

8 

Drying oil . . . 

6 

0 

12 


For ordinary, sucjh as newspaper, work great economy is neces- 
sary, hence in place of boiled oil there has been used a mixture of 
raw oH and thickened turpentine : the quantity of rosin is increased 
and the requisite fluidity obtained by the addition of rosin oil. 

The proportions given by And^s are as follows, according to the 
amount of body required : — 



11.. 

11). 

lb. 

Raw linseed oil . 

. 140 

no 

00 

Rosin oil . 

. 240 

240 

240 

Rosin .... 

. 210 

210 

210 

„ (i.e. yellow) soap 

. . . . 5 

5 

5 

Thickened turpentine 

5 

5 

5 



y^^Smonln^‘tr^mfKl6'’veij cheaply by replacing linseed oil byf 
rosin oil, for which purpose the following recipes have been given 

Ib. lb. 


Eosin oil . 
Eosin 
„ soap . 
Ordinary soap 


1000 1000 

400 780 

100 780 

100 180 


GOYNEAU’S PEINTING INK. 


Linscod oil 
Litharge . 
Eoain 
Syrup 


1 1 

1 lb. 

lb. 

lb. 

. 1 979 

400 

980 

. ; 125 

GO 1 

122 

. 1 735 

380 

980 

. j 245 

980 

958 


Method of Addinri Basin and Soap to the Burnt Oil and Subst 
mt Reheating of the Latter.-MieY the' smoke begihs to rise from 
e boiling oil, a bit of burning paper stuck in the cleft end of a 
ig stick should be applied to the surface, to set it on fire, as 
soon as the vapour will burn ; and the flame should be allowed to 
continue (the pot being meanwhile removed from over the fire, or 
the fire taken from under the pot), till a sample of the varnish, cooled 
upon a palette-knife, draws out into strings of about ^ inch long 
between the fingers. To 6 quarts of linseed oil thus treated 6 lb. 
of rosin should be gradually added, as soon as the froth of the^bulli- 
tion has subsided. Whenever the rosin is dissolved, If lb. of dry 
'brown soap, of the best quality, cut into slices, is to be introduced 
cautiously, for its water of combination causes a violent intumescence, 
oth the rosin and. soap should be well stirred with the spatula, 
be pot is to be now set upon the fire, in order to complete the com- 
natiorl of all the constituents. 

Put next of well-ground indigo and Prussian blue, each 2^ oz., 
ito an earthen pan, sufficiently large to hold all the ink, along with 
lb. of the best mineral lamp-black, and 3^ lb. of good vegetable 
,mp-blaok ; then add the warm varnish by slow degrees, carefully 
iirring, to produce a perfect incorporation of all the ingredients^ 
his mixture is next to be subjected to a miH or slab and muller, 
ill ij be formed into a smooth uniform paste. 

One lb. o£ a superfine printing ink maybe made by the Mowing 
soipe of Mr! Savage; Balsam of capivi, 9 oz.; lamp-black, 3 oz.; 
idigo and Prussian blue, together, p. seq. oz. ; Indian red, i oz. ; 
arpentine (yellow) soap, dry, 3.oz. This mixture is to be ground 
ipon a slab, with a muller, to an impalpable smoothness. The 
ligments used for coloured printing inks are— carmine, lakes, ver- 
nilion, red lead, Indian red, Venetian red, chrome yeUow, chwOTS 
^ or orange, burnt terra di S*««no, gall-stone, ^Eoman ochre, yfillow 
^hre, verdigris, blues and yellows mixed for greens, indigo, Prussiig 



ilntWIrpbiue, lustre, umberl sepia^ browns m&ed with Venatl^^ 

red, etc. • . » , jui i ^ 

Indigo alone, or with an equal weight of Prussian blue, aaded 
.small proportion, takes off the brown tone of certain lamp-black inks. 
Mr. Sivage recommends a little Indian red to be ground in with the 
indigo and Prussian blue, to give a rich tone to the black ink. 

The following tables give various kinds of printing-ink vehicles 
which find employment in this branch of industry : 


PRINTING-TNK VEHICLES. 


1. Venice turpentine 

2. Olein 

3. li^oft aoftp . 

4. Lamp-black 

5. Pnissian blue . 

6. Oleic acid . 

7. Water 


1 . 

II. 

— 

— 

lb. 

lb. 

GO 

9 

30 

4 

1 80 

10 

50 

4 

or more 

40 

— 

20 

— 

20 

— 


Mix 1 2 and 3 with aid of heat. Stir in 4 after sifting finely, then 
incorporate With I. the solution of 5, 6, 7. The 40 of 
blue may be replaced by 20 of indigo carmine hrst nibbed up with 
water.’ It is claimed tor II. that it can be removed from old printed 
naper and renders printers’ lye unnecessary. 

PRII^TING-INK VEHICLES. 
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' PBIKTINOJNK VEHICLES. 




Thin. 

Meiliuni. 

Thick. 

Rosin 
,, oil . 

Boiled oil 

Rosin soap 

Thin-boiled oil . 


lb. 

26-75 

50 

.50 

8-7 

7-12 

lb. 

25-50 

50 

50 

8-7 

4-9 

lb. 

25-75 

50 

50 

1 

! 

r'” ■ 

1 

] 

i 

Thin, 

with Boili'd Oil. 

I Medium, 

: with 

, Moiled 

Oil. 

Thick. 

with Moilcil Oil. 


I Hosin oil . 


Boiled oil . 

Rusin soap 
Boiled oil . 

Ijinaood oil hoatod to 
80 “ ( 1 . . 


lb. ll). lb.! lb. lb. jib,: lb. lb. ,lb. IK lb. Ub I 

125 75 rJ5‘250i88lj 250 125 ,881 125 250 85 

.■K) 50 .5 r,00«)0(iOo!GO() .500 -(W) 500 .500 IS 
:t 5 7 1.5 .501 77i 50 1.5 1 35 15 35 -, 


- , 80 20 45| 85 GO 


Rosin 
Boiled oil 
Rosin soap 
Weak- boiled oil 


Rosin oil . 

Raw linseed oil 
Rosin soap 
Thick turpentine 
Rosin 
Boiled oil . 


25 25 25 




1 


lb. 

lb. 

lb. 

lb. 

.50 

.50 

50 

77 

100 

100 

100 

100 

10 

10 

10 

7 

9 

G 

— 

12 


Thin. 

Medium. 

Thick. 

lb. lb. 

lb. 

lb. 

lb. 

lb. 

90 95 

240 

80 

240 

80 

! 84 - 

210 

— 

210 

— 

' 2 7 

5 

70 

6 

7 

' 2 — 

•r 5 

w— 

5 

— 

— 100 

t 

100 

— 

100 

52 35 

1000 

3500 

87 

25 

i 


PRATT’S ORIGINAL ROSIN OIL PRINTINO-INK VEHICLE. 


Rosin oil 
Rosin . 
Yellow soap . 


20 

8 

2 


50 

89 

9 
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PRINTERS’ INKS FOR VARIOUS PURPOSES. 


219 
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Use. 


Veliiole 
J jamp-black 
Prussian blue 
Indigo 
Chinese blue 


Rotary Maehines 


News- 

jMVper. 


Book. 


i lb. lb. lb. lb. lb. ' lb. lb. lb. ! U^. lb. ! H’. 

' 70 72 72 72 71 74 ' 78 , 70 | | 

■ ^0 28 28 28 20 20 i 22 21 ! 28 21 j 20 


11 lustration. 


lb. lb. 
78 ! 78 
18 i 19 
2 ' 1 

1 I — 



> ('oiiuiion 
; Bh.'k. i 

Hotiiry 

Holt. 

Jobbmg. 

; 

lb. 

lb. 

1 lb. 

1 Paijaflin Oil 

1 Rosiu 

. ; 25 

45 

25 

40 

15 

25 

! 1 ^ 

' Lamp-black 

15 

4 1) 

; Dammar . 

. 




Rosin ot diffuienl f^rades may 1)« used, or Ruieundy pile i. 1 aia lin 
oil may be replaced by rosin ; the proportion of lamp-black >« 
accordingly. Other pigments in suitable proportion may be substituted 

tor lamp-black. 

(irNTHEU’S PRINTING INK. 


1 Heavy tar oil . 
i J’ltch or a.sphaltuin 
I Rosin pitch soap . . • • 

i Fish oil . . • ♦ . • • 

i Spirit soluble aniline dye in powder 


4.'5 

40 

12 

r>8 

8-15 


28 

40 

24 


The heavy tar oil is first acted on by chlorine at 2^2’ o'" '' 

heated with nitric acid to deorlorise it. The oil is then boiled wit 
6 to 10 per cent, of chloride of copper, heated to remove tree .^icid 
and then dissolved in warm water or stirred into the oil to give th> 
oil a brownish-black colour, and thus reduce the aniline dye to ; 
minimum-i per cent, is then sufficient. The oil ihus treated cai 
be used as a stamping ink (or post-office work without 

Blue-black Ink.-k little indigo blue is also added to the hot o. 
to impart lustre, or 1 per cent, of Prussian blue may be “‘^^ed as th 
-oil commences to boil, which, as it dissolves, yields a beautiful blue 

■black and imparts drying properties. 

Generally in the actual manufacture of the ink, the boiled oil 



with the simple addition of rosin and soap alonej 
ntil the mass becomes tranquil and homogeneous; the- colour is 
jen added and ground in the mill until perfectly f 

rocess consists in melting the rosin until destructive distiltoon 
ommences, then to add soap in slices, afterwards the boiled oil. Hwt 
mow applied more strongly, so as to increase the fluidity of the 
aass, then the colour is added, and the whole run into a receiver 
rom whence it passes -to the mill while still hot. The natuie and 
he quantity of the colouring matter depend upon the consistency of 
he oil and the object in view, but heavy, dense mineral colours 
hould, as tar as possible, be excluded, using m preference fine 
solours, free from co?.rse particles, which give a more homogene 

'’"'^Sung ink ought to satisfy several tests, (o) It ought to be 
perfectly homogeneous, for the least 

(grit etc.) will cause a blot in the printing ; (b) it should not altei 
when exposed to the air in bulk for a long time, but when spread in 
a thin layer it should dry very quickly, without however, comme ^ 
ing to do so on the type, from which it should be easily ^ 

washing; (c) the colour of dry printing ink shou d be rich an 
brilliant; (d) it should not penetrate the paper too deep y but dee] 
enough to prevent it being detached from the surlace ; (r) finally i 
ought to have no bad smell. The proportions of different 
entering into the composition of printing ink vary much. Th y ) 
however, be reduced to three types 
De Luxe Illustrations, Ink for 


Thin oil . 

Thick oil . 
Lamp-black 
Prussian blue . 
Rosin (yellow) soap 


lb. 

1000 

250 

500 

60 

25 


Prussian blue is first added to thin 
Mechanical agitator, and heated to 100 C. (212 I.) by a ste 
jacket. The heat is raised to 160“ C. (302“ F.), and the rosin sot 
L mixed with continual stirring. It is onl^when perfect y <10 
that.the black is introduced into the mixture, then 
The whole is then passed through rollers. Small quantities may 
ground in a mortar worked by power. [By using carbon gas-bla 
Lstead of “ lamp "-black a superior jet black is obtained^ 

Bloch Ink for Engraving Purposcs.-Villon s researches result 
in his selection of the following formula as yielding a very Wack m* 
for engraving purposes, without reddish reflex, and of irreproachabU 
impoSn, which keeps well, and each of the ingredients of whict 
pays an important part : — 




' "’lb.' 

(pale limpid oil) .... 

. 1000 

„ forte (strong-bodied oil) .... 

. . .200 

Camauba wax . 

25 

Paraffin 

85 

Yellow soap (rosin) 

25 

Paris violet ' . 

• . . 0’5 

Prussian blue 

40 

Cork black . . ^ 

. . 100 

Blood black . . 

50 

Winelees black 

200 

Ivory black 

. 150 


Numerous other substances are also used to impart consistency^ 
•and unctuosity, such as Canada balsam, ozokerit, asphaltum, stearic ^ 
acid. It is for each manufacturer to select those materials best 
adapted for the object in view. The retention of the copper lustre 
of Prussian blue in the matter printed from an ink made from that 
pigment is a subject which has interested and engaged the attention, 
of not a few. Some claim to have succeeded by the use of lard, etc, '’ 
But the copper bronze reflex of modern printed mjitter is undoubtedly * 
due to nigrosine black and aniline blues. With the use of these 
the difficulty is not in retaining the bronze, it is in eliminating it. ■ 
In copper-plate and steel-plate engraving {taille douce) an en-1 
graved plate of copper or steel, the engraving being hollow, is covered'^ 
by an ink with a prepared oil vehicle, thou energetically cleansed, so 
as to ieave only the ink in the hollows of the engraving. K sheet ^ 
of moist paper is then pressed strongly against the surface of the*^ 
plate, so as to force the paper into the hollows and there become 
inked. That is the principle of steel and copper-plate engraving.:. 
The ink is similar to tjiat used in ordinary printing ink, but it muaij 
.not be too viscous. It must be readily detached from the .delicate^ 
touches, faiisses, of the engraving. Lamp-black is, therefore, replaced^ 
■hy special blacks, vine black, Frankfort black, which yield less ad^ 
herent mixtures with boiled oil. jh 

Villon's Ink for Steel Emj ravings. —The vehicle for this ink, accord- 
ing to Villon, who made a special study of ink for steel engravings, ia^’ 
prepared like ordinary printing-ink vehicle, the only difference beingj 
that it is boiled a littife longer. Old tanked linseed oil, i.e. well-aged^ 
soil, is the oil employed, or, better still, walnut oil ; but this latter oil^i 
is never used alone, a little linseed oil, varying from 12 to 50 ? 
per cent., according to the quality of ink desired, being alway8| 
added to give it more viscosity. The boiling process, although att. 
old one, is that still used. It consists in heating 5 ‘gallons of oil in 
’ pot until it takes fire or gives off white vapours which are set on firej 
|lt is left to burn for 5 minutes, taken off the fire, and placed on 
^furnace filled with hot ashes, where it is let burn a few rainu« 
yonger. A piece of stale bread, held by a pair of pliers, is dippei^ 

/«*! firifJl if rAil/iane tinthoiit brtWAVftr. ftharrini? ! it is renlariMlI 



by a second slice, and that by a third — the bread is sometimes replaced 
by peeled onions. 

VeMcle for Dc Lure Printimj and III uni rations. — Finely ground 
pigments are used for de luxe illustrations and de luxe printing; the 
vehicles used are thick linseed oil, strongly boiled (double boiled) lin- 
seed oil, with the addition of copaiba balsam, Venice turpentine, 
dammar varnish, copal varnish, amber varnish, liquid driers, etc. 
Kecipes for the making of preparations for the above purpose, intended 
to give a lustre which linseed oil alone cannot give, are 


Dammar varnish 


lb. 

. bO 

Venetian turpentine 


. 30 

dariatla balsam 


. 15 

Copal varnish 


. 8 

Bergamot oil 


8 


11 

111. 


lb. 

lb. 

Copaiba balsam 

. 24 

17 

8 

Linseed oil 

. 17 

Ilosiii 

. 37 

23 

O-OO 

Amydaloid benzoin 

1 

Balsam of Tolu 

. 0’G4 

0-4 


The Printers’ Ink Vehicle for (iold Printimj is a very tacky one, 
which is used as an undercoating when gold bronze is applied. To 
70 parts of such an undercoat, 30 parts of ilesh-coloured ochre are 
added, and 50 parts medium thick varnish, and 20 parts Canada 
balsam. F. Hallmeyer used 4 parts medium strong vehicle, 2 parts 
of wax, and 1 part Venetian turpentine. Finely ground raw sienna, 

' free from the least trace of grit, is added when undercoats for bronze 
printing are being used. The addition of wax greatly increases the 
' adhesion of the ink, and it is advisable to make sure that wax has 
been added. A vehicle for bronze gold printing was patented by 
Hinzelinan. He used 5 lb. zinc white, ground in 22 lb. linseed oil, 
then he added to the mixture of the two, 22 lb. of gold bronze printing- 
ink vehicle, 3 lb. of Venetian turpentine, 3 lb. of wax, and 2-| lb. as- 
phaltum, and then heated the mixture until of the right consistency. 

Printimj Gold Bronze on Siffc.—The silk' is impregnated with 
a thin solution of water-glass. A small quantity of raw sienna is 
rubbed up with No. 3 vehicle, and then added to a composition 
vehicle of 10 parts of wax, 10 parts of Venetian turpentine, 25 parts 
of varnish, vehicle No. 2, and 5 parts boiled linseed oil. 

For Brilliant Printimj and also for Printing by Busting on Wool, 
—A composition is made of a solution of rosin, boiled oil, liquid 
drier, copaFvarnish, and Venice turpentine. 

Lustrous Printing Ink,— -This effect is due to the pigment as a 
whole or in part, shining through the vehicle which exhibits a lustrous 
ooatinar. The lustre can only be produced by the first printing, and 
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thlen only on strongly satined and well-sized paper, otherwise 
the upper surface of the printed varnish layer will sink. A more 
decided lustre may be obtained by the addition of certain ingredients- 
to the vehicle. Now such an addition is more or less to he feared, 
as some of the fatty lustrous ingredients do not adhere to pigments 
very well. 

Tiecipc for Lustrous Vehicle. — (1) 2 parts mastic, 2 parts sandarac, 
2 parts thick varnish vehicle are melted, and when cold 2 ])arta 
Venice turpentine and 8 parts liquid drier are added. 

(2) 1 part dammar varnish, 1 part drier, I part thick oil are 
heated with 10 per cent, of mastic and diluted with thin vehicle. 

N.B . — Copal oil varnish is made from fused hard copal, also fronr 
soft copal, tlien the fused resins are added to a small portion of linseed 
oil, previously heated. If lumps are fornuid after (jach addition, the 
mass is stirred and no thinner added until complete solution is 
effected. Zohmann gives the following instructions for making such 
a varnish : G lb. fused copal, 14 parts raw linseed oil or boiled linseed 
oil, 8 parts turps. But see vol. iii. 

/\t the present day, espt'cially for book-printing and lithograjihy,. 
lakes from coal-tar colours are quite indispensable. 



CHAPTEB XL 

: THE TECHNICAL CHEMISTRY OP LINSEED OIL AND THE MANU- 
- FACTURE OP BLOWN OILS AND LINOLEUM. 

It has been seen that when linseed oil is stored with complete 
exclusion of air no chemical change occurs further than a slight 
increase in the acid number, but when linseed oil is heated with ex- 
vjclusion *of air, besides a marked increase in the acidity of the oil, 
.there is a decided increase in the specific gravity, whilst, on the other 
‘hand, the iodine number is correspondingly lowered. It is well 
known that the great oxidation which linseed oil undergoes during 
storage with access of air is due to the absorption of oxygen and that 
i this autoxidation which occurs between the oil and the air is slow, 
but is accelerated by heat. The^changes in the organoleptic and phy- 
$ical properties of the oil are very similar to those' induced by heating 
oil with exclusion of air. The body, consistence, or viscosity. of the 
oil is increased, and it may safely be said that all raw linseed oifs with 
ia specific gravity above 0'933 are more or less oxidised by absorption 
of oxygen from the air. The index of refraction increases whilst 
ithe calorific intensity diminishes. So-called polymerised oils or oils 
Jhickened by heating without access of air and oxidised oils may be 
differentiated from each other by the fact that the “ polymerised ” 
^ils may be drawn out into long strings, whilst the oils thickened 
by oxidation give an emulsion with water. Moreover, the chemical 
i^hanges which linseed oil undergoes during heating with access of air 
fare to some extent similar to those which occur during heating with 
^xclusion of air: an increase in the acidity (acid number) and a 
powering of the iodine number. Parallel witl^ this sinking of the 
Iodine number is ah increase in the percentage of oxyacids. Partially 
pxidihed linseed oil is not completely soluble in petroleum ether. 
Moreover, the fatty acids separated from the saponified product from 
Such an oil are only partially soluble therein and the percentage of 
I^Xyacids insoluble in petroleum ether is greater, the longer the dura- 
|iion of the oxidation of the oil. | 

I Cloeii*s Early Experiments on Increase in Weighs of Linseed Gilt 
Drying and th^e Nature of the Volatile Compounds Evoked,— Be- i 
fee Mtild^r’s time, Oloez h^ examined ihe action of the oxygen o^ 
^e air on vegetable oils. He exposed 10 grammes of oil to the aUl 
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in an iron basin, and left it so until the increase in weight became 
constant. Such a point he found in all oils, and wished to draw 
therefrom a broad distinction between drying and non-drying oils, 
which was not adopted. The 10 grammes of oil had, in 18 months, 
absorbed 0*703 grammes. Both the original and the oxidised oils 
were subjected to combustion, which gave the following results : — 



Per Cent. 

0.\itU«ed Oil, 
100 Parts. 

Oxicliseil Oils, 
107*3 Parts. 

Differttuoo. 





. _ 

c . 

77*6 

67-6 

72-3 

- 6-3 

H . 

11-3 

9*9 

10-0 i 

- 0-7 

0 . 

11-1 

22-6 

24-1 i 

i + 13-0 


Acrolein the Chief Volatile (Uwijwuml from Linseed OH . — Oxygen 
was absorbed,. C and H split off. Cloez found little CO.j and 11.20 
amongst the fluid oxidation products. He believed they cOJisisted 
chiefly of acrolein. The paper with which the basin, used in the 
experiment, was covered, had become yellow, and Cloez attributed 
the yellowing to acrolein, and the yellowing of printed books to the 
same cause, as printing-ink blacks contained linseed oil. But this 
yellowing is due to the linseed oil dissolving the tar of the lamp-black. 
Mulder regarded Cloez’s differentiation between drying and non- 
drying oils as correct only from a quantitative point of view, in which 
the drying oils, as a whole, on complete oxidation pass into a solid 
body whilst the non-drying oils absorb much less oxygen and only 
leave a solid body in small quantity. Mulder recognised, and quite 
correctly so, that durihg Cloez’s experiments the oxidation of the 
inner linseed oil could only have been partial, as a skin was formed 
on the surface, which protected the oil underneath from the oxygen 
of the air. Mulder accentuates, in his book, again and again that 
the linseed oil be exposed to the air in a thin film. 

Kisslinys Experiments. — However, R. Kissling, 25 years later^ 
used a similar method to Cloez. He placed 10 grammes of oil in a 
watch glass of 35 sq. centimetres in surface, and found the oxygen 
absorption in 25 days ^*13 per cent., reaching a maximum of 5*7 in 
42 days. Kissling thus committed the same error as Cloez. According 
to Mulder the reaction is unfinished and could never come to an*end, 
as the skin formed protects the lower layer. There is thus quite un- 
changed linseed oil, solidified oil, with slightly oxidised oil, and still 
intouched oil underneath, and still quite unchanged oil on the bottom 
if the watch glass. In what is presumably a separate experiment, 
kissling spread 10 grammes of several oils over 35 sq. centimetres 
md exposed the same for 10 days at the ordinary temperature, with 
he following results *. — 
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Increa^ie in 


Increase in 

Oil. 

Weight |)er 
Cent, at Ordinary 

Oil. 

Wei ht per 
Cent, at Ordinary 


Temperature. 


Temperature. 

Olive .... 

0*0 

Cotton-seed 

0*646 

Bape (crude) 

006 

Kaw linseed 

1*180 

„ (refined) . 

0*000 

Boiled „ 

3*400 

Neatsfoot (refined) . 

0*066 

Triolein 

' 0*0 


This layer was far too thick. 


Even after 25 days the linseed oil showed an increase in weight 
of only 5*13 per cent, when a skin began to form, and in 42 days 
the maximum of 5*7 was reached. Kissling evidently committed the 
same error as Mulder accused Cloez of doing, that is experimenting 
on far too thick films. With thick films the reaction never comes to 
an end — the product is quite unfinished, the circumambient skin float- 
ing on the liquid layer beneath effectually isolates it from the air which 
alone can complete the reaction. There is, therefore, completely 
oxidised solid oil on the top with still almost unchanged oil at the 
bottom of the watch glass. The study of the oxidation of linseed oil 
was begun long ago by Mulder, and Hazura’s researches gave it a fresh 
impulse. Bauer and Hazura tested two samples of linseed oil which 
had been kept for two years in loosely corked bottles and found the 
acid numbers had risen to 8*9 and 12T. 

Thompson and Ballantyne left linseed oil in an open vessel with 
frequent stirring for six months and found the specific gravity had 
risen from 0'9331 to 0*9385 and the iodine number had sunk from 
173*5 to 166*2. 

Fahrion uses the result obtained by the estimation of the oxyacids 
to ascertain the degree of oxidiition of the oil. In a more than one-year 
old sample of linseed oil occasionally warmed but kept in a glass 
vessel that was not quite full and frequently opened to draw out 
samples, the iodine number was still 153 and the oxyacids 6*5 per 
cent. A sample of this oil was heated in an open porcelain dish for 
4 hours at 110° C. ; the iodine number sank to 136*1 and the oxyacids 
had risen to 11 per cent. ' ‘ 

Sherman and Snell found a decrease in the calorific intensity of 
linseed oil stored with access of air, whilst the specific gravity had 
increased so that the products of the two figures were constant. In 
the thick oil it came out as 8*6 to 8*8. 
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table showing chemical and physical changes linseed 
OIL undergoes on storing with access of air, inter 
alia in calorific intensity. (SHERMAN AND SNELL.) 



Raw Ijins< e<l Oil 

Raw Linseed Oil 

Raw Linseed Oil 


of RKK). 

of 1898. 

Several Years Old. 

d 16-5° C. . . . 

0-9.S4 

0-938 

0-947 

Iodine number 

182-4 

175-9 

160-7 

Free fatty ax-ids, percent. 
Heat of combustion, con- 
.stant volume, calories 

4-3 

1-2 

6-3 

per gramme . 

Heat of combustion, con- 

9304 

9379 i 

1 

9216 

stant pressure 

9379 

9394 

9280 


Sherman and Falk left linseed oil in uncorked llasks protected 
from dust, with occasional shaking, hut exposed to the air for a long 
time. 


TABLE SHOWING CHANGES LINSEED OH. UNDERGOES ON 
STORING WITH ACCESS OF AIR. (SHERMAN AND FALK.) 


! 

Fresh Oil. 

After 4 Months. 

Alter 8 Months. 

i 

dl5-5C ' 

0*034 

0*942 

0*900 

Iodine number 

178 

105*8 

189*1 

j Free fatty a ids. per cent. 

1-3 

2*2 

, 4*4 

1 Hexabfomide number . 

31-3 

— 

i 32*8 

Reichert Meisl number . 

0*49 

1*10 

1 2 *(>4 


Here the slight increase. in the hexabromide number is surprising: a 
-decrease was to be expected, as oxygen is fixed by the double bonds of 
linolenic acid. With non-drying oils the change was steadier. An 
increase in the gravity of 0 001 corresponded with a sinking of the 
iodine number of 0'8. With linseed oil water was given oil. Thoms 
And Tendler have shown that in the autoxidation of linseed oil, the un- 
saponifiable number is not increased ; 20 grammes of linseed oil were 
left in an uncovered glass dish for 40 days, exposed to air and light. 
The unsaponifiable was {a) before, 1*05 ; (6) after, 0*98 per cent. ; 
heated for 48 hours kf same dish to 100° C., 0*86 per cent. A La 
Plata raw oil with 0*98 unsaponifiable was left in a beaker tlyee- 
^uarters full, covered with filter paper, for 3 months in clear daylight. 
The unsaponifiable then was 0*95, its iodine number sank from 97*1 
ito 86*0. Linseed oil from Memel seed was exposed in a thin layer in 
•clear daylight in a loosely covered glass dish until it was completely 
j dry. The unsaponifiable was before 1*09, after 1*03 per cent. The 
. iodine number before 92*3, after 66*8. 

r Volatile Products Evolved from Linseed Oil Dried at a Low Tem^ 
: j>eraiiUre . — Lidoff and Fokin found that when linseed oil is dried at a 
l^omewhat low temperature, besides CO and COj hydrocarbides are 
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evolved in variable quantities. The oxidation of linseed oil in the air 
at the ordinary temperature is a long affair, so far as the thin film is 
concerned. 

Ilenricpie' a Beaearches on the Drying Capacity of Ethyl Linoleate, 
— In this connection comes the linseed oil ethyl ester, i.e. a mixture 
of the ethyl esters, of the mixed fatty acids of linseed oil, otherwise 
ethyl linoleate, which has a deal higher oxidation capacity, as the tri- 
glycerides are of much lower molecular weight. Henrique’s ethyl 
“linoleate “ is a.pale yellow thin fluid oil, which in large quantities 
is extraordinarily unstable. Freshly prepared, it is readily soluble in 
petroleum ether. Exposed to air, it thickens rapidly, becoming more 
and more insoluble in petroleum ether. The autoxidation gave the 
following results : — 

TABLE SH()WIN(r THE DllYlNCl CAPACITY OP ETHYL LINOLEATE. 


Etliyl Linoleate. 

Acid No. 

Saponifica- 
tion No. 

Lxiiue No. 

j Acetyl No. 

2 days old .... 

0 

181-7 

170-4 

42-5 

3 weeks old . 

4-2 

213-C i 



; 85-1 

c „ „ . . . . 

6 „ ,, petroleum ether 

insoluble portion 

— 

220-4 

88-6 

1 104-9 

1 


271-9 

1 

36-1 



Oxidation of the Linseed Oil in Linseed Oilcakes. — Here the re- 
markable rise of the saponification number is noticeable, which later 
on will be found in very highly oxidised oils. Now the thin film of 
linseed oil is resorted to, so that the particles of the oil be spread or ‘ 
subdivided over a substance with a great surface. Such a body is 
found in crushed linseed and linseed cake. The oils in these bodies 
with access of air rapidly oxidise. Nordlinger found in technically 
expressed linseed oil 0-2 to 2*1, on an average 0*8 per cent, free fatty 
acids. In several linseed cakes ho found 6-8 to 10'8 per cent., average 
8*8 per cent, oil, and therein 4*0 to 15*5 per cent., on an average 
9*75 per cent, free fatty acids. In extracting linseed oilcakes with 
ether less oil is obtained when the cakes are' first dried at 100° C. 
Tw\} air-dried oilcakes gave 8*0 and 10*3, but after 6 hours’ heating 
to 100° C. only 3*7 and 7*7 of oil. But the loss of oil by volatilisation 
is negligible, such results are due to oxidation. Mastbaum concludea 
that the lowering of the iodine number of the oil from linseed oilcake^ 
is the first outcome of oxidation in his accentuation of Ketel and 
Antusch’s results. Mitarewski found an increase in free and volatile, 
also a decrease in unsaturated fatty acids in the oil from linseed oU-^’ 
cake. He believes, however, that glycerine is partly split off byi 
micro-organisms. At 70° C. the oxidation of fats is far more intensive 
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than at the ordinary temperature. Pigments may behave similarly to 
linseed oilcake. C. Bottinger rubbed up 5 grammes of anti-fouling 
pigments in 10 grammes of linseed oil 8 nd left the mixture exposed 
to the air for 6 weeks. The oil was no longer taken up by ether, and 
as the table shows was greatly oxidised : — 

BOTTINGER’S EXPERIMENTS ON OXIDATION OF LINSEED OIL 
IN PRESENCE OF A PKiMENT. 



Original Oil. 

1 

Extracted Oil. 

d 15 .... 

0*9S4 

0*996 

Acid number . 

ld-0 

26*0 

Saponification number . 

191*1 

196*4 

Iodine number 

188*0 

127 


J. G. McIntosh taught in his classes for many years that he found 
that the residue from the extraction of linseed oil paint never ceded 
all its linseed oil or the derivatives of the latter to ether, and ascribed 
this to the formation of insoluble lead soap from the free fatty acids. 
The solution of the residue from ether on extraction in acids always 
gives an oleaginous residue which floats on the solution as oily 
flakes. Davis and Klein rediscovered the above fact, that porous 
materijils expose the oil to the air over a larger surface, e.g. textiles. 
Fahrion used chamois leather which he soaked with linseed oil and 
left to dry for a week in the air. Autoxidation set in rapidly, which 
naturally was accelerated by increase of temperature. The oxidised 
oil was taken up with cold ether and was left on evaporation of the 
latter as a yellow more or less tacky syrup only partially soluble in 
petroleum ether. It yielded on analysis : — 

PAHRION’S EXPERIMENTS ON OXIDATION OF LINSEED SPREAD 
OVER CHAMOIS LEATHER. 


• • 


Linseed Oil. 

Oxidiswi Oil. 

Iodine 


175*8 

66*1 • 

Acid number .... 


2*9 

18*6 

Fatty acids, per cent. 


— i 

j 48*2 

Oxacids, per cent. . 

Iodine number of fatty acids . 


— 1 

1 31*1 

1 102*8 

„ „ 1 , oxyacids 


“*** 

47*6 


On the other hand, a test was made on a sample of linseed oil 
exposed to the air in a flat-bottomed porcelain basin for one year. It 
was not quite solid and was still a little tacky but was almost insoluble 
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in petroleum ether and alcohol. Besides it was not completely 
saponifiable and gave on analysis : — 


FAHKION’S EXPERIMENT ON LINSEED OIL EXPOSED 
YEAR TO AIR IN PORCELAIN BASIN. 

FOR 

Fatty acids, soluble in petroleum ether . 

. 42'2 per cent. 

Iodine number of same 

. 87*5 


Oxyacids soluble in ether 

. 11'4 


Iodine number of same 

. 88-0 


Oxyacids soluble in alcohol .... 

. 18-8 


Iodine number of same 

. .88 -8 



Spontaneous Combustion . — Fahrion concluded that the oxidation 
was accomplished by polymerisation and the formation of an- 
hydrides. Hertkorn asserts that polymerisation accompanies oxida- 
tion. He states that oxidation first produces an acid reacting oil, 
prevented by the addition of alkalies or alkaline earths, whilst poly- 
merisation is favoured. Rapid oxidation is important. In the first 
stage volatile apparently aldehydic bodies are formed during the 
whole oxidation process. In another phase acid-bodies are formed, 
e.g. acid anhydrides, which facilitate polymerisation. In the final 
stage ozone is produced, which forms nitrous acid with the air. 
Finally peroxides arc built in the last stage of the process, but in the 
absence of metallic soaps solid oil containing peroxides is spon- 
taneously inflammable. It is known that when linseed oil is blown 
for a long time and heated to 150 to 260'’ C. it separates, especially 
from impure oil, polymerisation products in the form of flakes and 
oil skins which are judiciously removed as they are liable to cause 
explosions. Fox (“ Oil and Colourman's Journal,” now “ Oil and Colour 
Trades Journal,” 1887, 8, 549) was the first to examine a blown oil. 
The density rose from 0*9354 to 0*986 the free fatty acids from 2’40 
to 2*73 per cent, whilst the Hehner number fell from 95’7 to 87‘7. 

Leeds, instead of injecting air into hot linseed oil, injected oxygen 
and so produced two products which gave the following figures : — 


! 1. 

11. 

III. 

Density 

1*03 

1*05 

_ 

Free fatty acid, per cent. 

18 to 28*4 

18-5 to 28*9 

12*07 

Saponification number . 

221 

228*5 

171-6 

Unsaponifiable, per cent. 

0*89 

0*97 

0*81 

Oxyacids, per cent. 

42*8 

44*2 

81*58 

Iodine number 

58*8 

68*5 

08*9 


I. Weak, II. strong, III. dried oil. 

The free fatty acids could not be estimated accurately as thfe red 
coloration persisted more and more with the higher numbers for two to . 
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three minutes. Leeds examined the mixed fatty acids from the above 
oxidation products with the following results : — 



1 . 

II. 

111. 

Melting-point 

28^ 


26*' 

Solidification-point . . i 

26^^ 

25« 

22“ 

Mean molecular weight 

241*4 

242*5 

2CH*8 

Saponification number . 

2.82*4 

281*8 1 

208*7 

Iodine number 

<>8*2 

C0*G ! 

j 

100*8 


The molecular weight was calculated from the saponification 
number and doubtless is a little low, whilst the increase of the saponifi- 
cation number is chiefly due to the slightly acid group of oxyacids. 

ULTIMATE ANALYSIS OF A SERIES OF SOLIDIFIED BLOWN OIL. 




I PerlViit. C. 

Per Cent. U. 

Pi*r Cent. 0. 


Raw linseed oil 

T. 

. 1 7.5*08 

10*78 

14*10 

7*0 : 1 

Solid linseed oil 

fl. 

. ; 75*10 

10*64 

1!1*06 

7*1 : 1 

1. 

. ; 74*82 

10*04 

jr)*(;4 

7*4 : 1 


II. 

60*74 

0*.57 

20*60 

7*8 ; 1 

M 1. 1> 

III. 

60*52 

0*10 

20*00 

7*8 : 1 

? J H ^ j , 

JV, 

64*74 

0*01 

26*25 

7*2 : 1 

M .. M 

V. 

. 1 65*40 

0*00 

1 25*60 

7*8 : 1 

M M »» 

VI. 

. ; 68*64 

0*24 

22*12 

7*4 ; 1 



vir. 

. j 64*88 

0*01 

26*61 ! 

7*2 : 1 

■ — . - - 

— 

i 


-- 




In the above table are given the combustion results, elementary 
organic analysis of a series of solidified blown oils, also the combustion 
figures for two raw oils. Fahrion calculated the ratio of C to H in 
each instance, and points out that when not considerable it is at the 
expense of the carbon atoms. It will, moreover, be perceived that the 
primary reaction consists in the fixation of oxygen by the double 
bonds, and water is split off as a secondary reaction, as stated long 
ago by Mulder. ^ * 

Weger has shown that in blowing linseed oil the refraction rises, 
also that a parallel between the refraction and the iodine numSer is 
impossible with partially oxidised oils. Long exposure has the same 
effect. 

Under favourable conditions the autoxidation of linseed oil, 
diffused through a porous body, may proceed so rapidly as to cause 
spontaneous combustion. Fruitful but sad experience has enabled 
ps to collect data on the absorption of oxygen by conflagrations in 
^ factories where oil is used in the dressing of woollen fabrics. Ac- 
^ cording to L. Haepke cotton<wool is more inflammable than sheep’s 
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wool, as owing to its structure it can retain more oxygen, and accord-, 
ing to Kissling silk is the most inflammable of all. 

Method for Produciiuj Spontaneous Combustion . — The open fibrous 
structure subdivides the oil, and is aided by the absence of any tend- 
ency to cooling from the outside or to spread the heat. When such 
conditions are fulfilled then the reaction continues, until it ends in 
spontaneous combustion or ignition. Kissling soaked 50 grammes 
of cotton-wool with 100 grammes of linseed oil and pressed the 
mixture in a glass vessel with a thermometer in centre. This glass 
vessel was suspended in a second wider glass vessel protected from 
cold by a wooden lid. The temperature rose in 15 minutes to a 
maximum of 170° C. (338° F.). Spontaneous combustion did not 
occur until artificial heat was applied. A handful of cotton-wool was 
well steeped in linseed oil, well pressed in the cold, and packed with 
another handful of cotton-wool in a tin box. A thermometer was 
stuck in the middle and the whole heated in a water-bath to 99° C. 
In 2 hours the temperature rose to 180° C., in 4 hours great smoke 
appeared, and when the cotton-wool no longer smouldered it burst 
into flame. Schimanski and Mikoni experimented with pure wad- 
ding, which at about 180° C. ( 356° F.) was charred. With 1’5 per cent, 
linseed oil and 5 hours' heating at 90° C., it heated itself to over 150° C. 
(302° F.), and on 3 hours’ heating at 97° C., was completely charred. 
Higher oil content and greater acess of air facilitated the charring. 
If woollen balls come in contact with oil, the latter only spreads itself 
on the surface of the fibre. There is enough air in the inner hal^ of the 
balls to start the oxidation but not sufficient oxygen to oxidise the 
whole of the oil. Then the oil begins to take chemically combined 
water from the wool with consequent charring. Hence the increase 
of temperature, and when the ball is opened it bursts into flame. 
Erdmann and Sebzenberg soaked cotton-wool with linseed oil and 
led a 2 per cent, ozone stream over it. In a short time it burst into 
flame. Instead of subdividing linseed oil into small particles by 
means of textile fibres, the action of the air may be accelerated by 
blowing air through the oil. At ordinary temperatures no great 
icceleration occurs. But at higher temperatures, rapid thickening of 
bhe oil follows the absorption of oxygen. Oil blowing was discovered 
long before Mulder’s time. ' 

Linoleum Manufacture. — Walton, an Englishman, in 1860 de- 
scribed how linseed oil blown at temperatures up to 100° C. absorbed 
oxygen (British Patent 200 of 27/1/1860), This document describes 
not only the first stage of the oxidation, but how the oxidation is finished 
■—on the principle of the thin film by passing it through a sieve and 
then again treating it with warm air. Eubber-like products were got 
in this way from linseed oil which were mixed warm with cork dust, , 
and gum, kauri. The mixture was spread on cloth and pressed in hot ; 
rolls pritish Patents 1037 of 35/4/1868 and 3216 of 19/12/1^3).- 
In this way was linolefim introduced into the industrial world. 

'lias ' i 
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A rival to Walton appeared later on in Parnacott (British Patent 
2057, 4/9/1871). Instead of ordinary air Parnacott used compressed 
air *He sold the process to Taylor. Of these names only that of 
Walton survived. I. Hertkorn (D.R.P. 99, 710; 100, 917; 109, 
583) combined the principle of fine division of the oil with strong 
blowing. His process depends on the principle that oxidation is 
much more rapid when the oil, with or without driers, is mixed with 
bulky imponderable matters through which hot air passes ; such sub- 
stances are (a) a mixture of cork dust, with (b) sawdust. The 
oxidation is finished in 1 to 2 hours, whereas by the above process it 
lasted days if not months. It is claimed that the highly elastic 
linoleum so made is odourless, absolutely homogeneous, and above 
all completely oxidised. Certain resins, e.g. kauri, are added in 
fine powder or dust to the partially oxidised mass. Oxides or 
rosinates of the alkaline earths, lime magnesia, are incorporated with 
the linoleum mixture to lessen the risk of the oil-saturated mass, 
and it is claimed that these additions impart greater hardness whilst 
securing a leather-like pliability not hitherto attained. ■ , 

Thickening of Linseed Oil by Oxidation,— V^hniover process we 
may adopt in the boiling of oil, the consistency or body of the re- 
sultant product is but little different from that of raw oil. Now, 
in many cases it is very advantageous to use an oil of good body, 
so as to hasten the drying when it is used either directly, or after 
it has been incorporated with varnish, or when it is desired to 
apply ftie oil to porous surfaces, wood, etc., without having riiason 
to fear its being imbibed. The simplest process consists m causing 
the oil to fall in a thin layer, in contact with air, as we have 
seen in the cold process of making drying oils, but the process 
is a long one, and oxidation becomes difficult as soon as the oil 
attains a certain thickness, even when working at a temperature 
of 50° to 60° C. (122° to 140° F.), by which the oil is kept fluid for 
a longer time. Further, a quantity of oil adheres to the plates, and 
there solidifies, causing a serious loss when it is not desired to con- 
vert the whole into a solid body. Finally, after a time a solid 
pellicle is formed on the surface of the oil, which prevents oxidation, 
and consequently the tjiickening from proceeding through the mass 

Attempts have been made to increase the fluidity of the oil aHifi- 
' daily by dilution with a suitable solvent. By taking, e.g. equal parts 
of manganese-boiled oil and benzine, and stirring the mixture in a 
closed vessel, with simultaneous injection of air, rapid absorption of 
loxygen takes place. This absorption is stimulated by aid of heat 
-regdated between 4.0° and 50° C. (104° to 122° F.). If the air be 
l^ontinuously injected so as to supply the quantity of oxygen necessary 
Ifor complete oxidation of the oil, a quantity which amounts at least 
|to 16 per cent, by weight of the oil used, the mixture soon thickens, 
pttd if finally we distil off the solvent a viscous residue is left on cool- 
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ing. If the process be carried on so as to completely oxidise the oil^ 
the liquid becomes cloudy owing to the formation of linoxin, which is- 
insoluble in benzine; on separating the latter the linoxin is obtained 
as a very dry, elastic solid. In actual practice boiling is continued 
for a long time, often for 3 or 4 days, and the temperature 
pushed as far as 250' to SOO"* C. (482® to 572® F.). By this means- 
heavy boiled oils are produced, which cap be thinned down by the 
addition of thinner bodied oil, boiled only from 6 to 8 hours at 200®* 
C. (392® F.). But boiling at so high a temperature has the dis- 
advantage of liberating fatty 
acids, which take longer to oxi- 
dise, and render the oil fatty. 
In Germany preference is given 
to boiling oil by superheated 
steam or superheated air either 
in pans as flat as possible, so* 
that the surrounding air may 
have free access, or in deep, 
closed pans, into wliich either 
cold or hot air is injected. In 
certain manufactories, especially 
in Holland, no drier is used ; it 
is considered preferable to oxi- 
dise the oil exclusively by the 
injection of hot or cold air. 
The product is superior, but the 
process rather slow. Lew’iak 
has taken out a patent for the 
injection of hot air in the pro- 
duction of linoleum. No. 14518, 
1903. 

Sti)7'a(fc of Ilifjh-class Boiled 
Oil. — According to Livache, 
when a choice boiled or thick- 
ened oil is manufactured, it 
should not be stored either in iron or copper vessels, without electro- 
plating the interior with silver ; this deposif ‘need not be thick, as 
it i» subject to no w'ear and tear, and owing to the low price of 
silver would not be so costly as would at first sight appear. The 
same result may be arrived at, viz. prevention of discoloration by 
a layer of enamel which stands well and is economical. Wrought- 
iron vessels “ galvanised ” on the inside surface with tea lead which 
contains tin have no action on boiled oil, varnish, nor on spirits of 
turpentine. One per cent, of tin added to lead has the same effect. 

Walton* s Processes . — In F. Walton’s, Lion’s, Hadfield’s and other 
processes, air acts upon oil falling in drops, so as to present a'large 
.surface to oxidation. The models operandi of such processes will 



Fio. 7H.— Linseed oil oxidation plant. 
A A, vessels containing oil oommuni- 
oating through B ; H, reservoir with 
perforated bottom; N, ^pipe with 
upw.ird current of air; I>, down- 
ward shower of oil; C, chimney- 
stalk ; E, air pressui'e equaliser ; F, 
pump. 
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understood from Fig. 74. Walton’s plant is composed of a reservoir^ 
the bottom of which, pierced with a number of holes, rests upon a 
second rectangular reservoir, of which two of the faces are made of 
glass so that the action of sunlight may intervene with the view of 
stimulating oxidation and bleaching the oil ; the other two faces are 
made of perforated sheet zinc ; through one of these faces air enters 
the whole way up the column, and passes out through the other, 
but owing to the minuteness of the holes and to their conical shape 
the oil is retained. This quadrangular column is itself surrounded 
by a double envelope made either totally of glass, or having two faces 
at least of that material, and in which an arrangement of partitions 
causes a current of air to flow against one of the perforated zinc 
faces and to force its way through the opposite. This current 
should not be too strong, but yet strong enough to constantly renew 
the air in contact with the oil. The oil at last falls into a steam- 
jacketed reservoir, A, by means of which it can be heated to a tem- 
perature between 100° and 170° C. (212° to 1188 F.). Finally, by 
means of a pump similar to Fig. 74, F, the oil thus heated is propelled 
into the reservoir at the top of the column, through the openings of 
which it again passes to be submitted afresh to the action of the air. 
An automatic arrangement enables the flow of oil to he sto])ped 
should the pressure inside the column become too strong. 11a w oil, 
to which an appropriate drier has been added at the start, is that 
which is generally treated with this apparatus. Sugar of lead to 
the exttjnt of 5 to 10 per cent, is the most suitable drier. Manganese 
or litharge boiled oil may also be treated, but air is pro})elled in this 
case at a lower temperature, say, 100° C. (212° F.) ; nevertheless, 
in spite of this precaution, the resultant oil is darker than wh<m 
raw oil is used. .A.nother arrangement by Walton consists in boiling 
the oil in large open pans ; the hot oil is led into a chamber main- 
tained at a suitable temperature by steam pipes. Here the oil which 
falls on the floor of the chamber is beaten with armed agitators, 
bringing it into the form of a spray which meets a current of air 
passing in the opposite direction ; the oil falls hack again into the 
chamber, which may be covered with glass, so that the action of 
sunlight may intervene, 

Storers Process. -^tnste&d of blowing air into the oil, Dr. John 
Storer draws it in from the atmosphere by suction by the creation 
of a vortex current generated by a sort of ship’s propeller acting as 
an agitator. By a mechanical arrangement the oil subjected to the 
vortex action flows into another compartment and returns to the 
surface to expel the vitiated air, and to be again and again subjected 
to the same treatment. The propeller agitator makes about 1500 
revolutions a minute. It will readily be seen that by the comming- 
ling of continually renewed fresh air, drier and oil are affected in a 
most 'complete and perfect manner by this process, the propelling 
agitator of which is horizontal. The plant differs from Vincent's in 
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the fact that the fumes are carried away, not by a dome riveted to 
the pan and forming part of it, but by a hood suspended over the 
pan, thus allowing fresh air to be continually brought in contact with 
the oil without the necessity of pumping. The atmosphere above 
the pan is therefore always free from decomposition products. Be- 
sides Storer's agitator was horizontal and Vincent’s vertical. 

Solidification of Boiled Oil — Linoleum Manufacture , — When 
boiled oil is completely oxidised it is insoluble not only in ordinary 
boiled oil itself, but also in the whole of the various solvents used 
as thinners, consequently manufacturers generally are content with 
a partially oxidised product which will dissolve therein. 

But nowadays there is a demand for completely oxidised and 
consequently solid oils which are incor- 
porated by mixing and grinding with a 
great number of substances, to which 
they impart elasticity as well as insolu- 
bility in the various oil solvents as well 
as in acids, as in the case of linoleum 
manufacture. The process most gener- 
ally adopted consists in spreading boiled 
oil in a very thin film, or oil thickened 
after one of the processes describ 'd, so 
that it may be completely oxidised ; if 
the film bo too thick surface skin is 
formed, when oxidation verges comple- 
tion, which stops all further oxidation 
going on underneath, and complete 
solidification is prevented. When large 
quantities of solidified oil are required, 
it is necessary to, have enormous sur- 
faces at disposal, so that the film of oil 
to be oxidised is as thin as practicable. 
Two methods are in vogue : (1) Linen cloths are passed through a 
bdth of the oil to be oxidised and so become impregnated with the 
oil, and are then suspended vertically, so that the excess of oil 
drops off. When the film of oil is dry the linen is again passed 
through the bath once more, and thus becornes charged afresh with 
oil and again exposed vertically to the action of the air, and so on 
until a succession of solidified layers gives the desired thickness. 
(2) The following is a more simple arrangement. Oil is made to 
;; fall on several thousand square yards of linen suspended vertically. 
The thin layer of oil absorbs the oxygen required to solidify it 
very rapidly. This absorption is facilitated by working in warm 
Chambers. The sequence of operations which follow each other, 
almost automatically, produces very cheaply a superposition of 
pellicles amalgamated together to form a mass of considerable 
? thickness. To separate the solid oil from the linen, the latter ia 
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^ passed between two rolls heated by steam, and so adjusted that only 
the linen passes through. In starting, all that has to be done is to 
free the linen from solidified oil for about an inch, and feed it in 
between the rolls ; these catch hold of the linen and draw it forward, 
leaving the solid oil behind. But when complex substances are to 
be made from the solid oil, manufacturers do not trouble to separate 
the two, the more so as the linen does not last long. Livaohe tried 
to use oxidised oil by itself. When triturated with the majority of 
solvents, it swells, becomes transparent, and then divides into pieces 
of extreme tenuity, and so forms a paste which may be spread out in 
a more or less thick film. When the solvent has evaporated an 
elastic homogeneous surface of oxidised oil is obtained, perfectly dry 
and of appreciable thickness. These oxidised oil pastes may be 
mixed with rubber pastes or with solutions of rubber and other sub- 
stances soluble in the solvents used, so as to obtain after evaporation 
a homogeneous product of peculiar properties partaking of those of 
the different substances entering into its composition. 

The oil treated in the manner described until the maximum 
amount of oxygen has been absorbed, forms a gelatinous mass denser 
than water, which can be drawn into strings. It is insoluble in 
alcohol, ether, spirits of turpentine, chloroform and carbon di- 
sulphide. When mixed with cork dust and rosin, “ tillers,” etc., it 
is rolled into linoleum. The highly complicated machinery for 
inlaid linoleum, etc., is beyond the scope of this work. The following 
elemeAtary analyses are by Rowland Williams: — 


ELEMENTARY ANALYSES OF OXIDISED OILS FOR LINOLEUM 
MANUFACTURE. (ROWLAND WIl.LIAMS.) 



Raw Linseed. 

Oxidised Linseed Oil for Linoleum Manufaoture. 


1 

2 

3 

4 

5 

6 

7 

H 

9 

Carbon 

°l 

- '0 
75-08 

75-40 

V. 

74-32 


69-52 

Vo 

64-74 

i Vo 
65-40 

Vo 

68-64 

64^-88 

Hydrogen . 

10-78 

10-G4 

10-04 

9-57 

9-49 

9-01 

! 9-00 

9-24 

9-01 

Oxygen . 

U-19 

13-96 

16-64 

20-69 

20-99 

26-25 

1 26-60 

22-12 

26-61 

Ratio C : H 

7-0:1 

7-li.l> 

7-4:1 

7-3 ; 1 

7-3:1 

7-2 : 1 

! 7-3 ; 1 

) 

7-4:1 

7-2:1 


BeJis Linoleum Process . — Good clarified Russian linseed oil is 
boiled with nitric acid of known strength to decompose the glycerine 
and oxidise the oil. The oil treated in this way is pumped into a 
tank waggon which sprinkles it on to a cloth which is oxidised by 
hot air. 

Herkhorn's Linoleum Patent . — In this process the alkaline earths 
and their soaps are added to the oil during boiling and oxidation, and 
a velvet lustre is thereby imparted to the mass. Rosin and rosinate 
fof magnesia are added to the oil. 



nm THE MANUFACTURE OF VARNISHES. 

' Pinette's Analyses of Linoleum . — Pinette analysed three samples ' 
of linoleum with the following results. His method of working is 
so obvious as to require no description. 


ANALYSES OF LINOLEUM (PINETTE). 


Water . 

LiuAced oil soluble in ether .... 

„ „ insoluble in ether (cork, oxidised oil) 

Silica 

Ferric oxide 

Alumina 

Ijimo 

Alkalies 


1 

2 

3 

.S’39 

3-01 

3-41 

11-43 

10-60 

19-58 

77-24 

73-63 

54-16 

2-94 

3-99 

4-31 

1-78 

1-79 

8-86 

1-91 

4-94 

0-61 




6-17 

1-31 

2-04 

2-90 

100-00 

100-00 

lOO-CO 


The first linoleum manufactory was founded by Walton at Staines, 
near London. Old tanked oil is used, tanked for a sufficiently long 
time to deposit all matter in such circumstances. This oil is 
oxidised in two ways: (1) Oxidation by Walton’s process. This 
si effected by the simple action of the air, by causing the oil to 
flow slowly over cloth suspended for the purpose. After 4 to 5 
months the two sides of the cloth are covered by a layer of linoxin 
about 3 cm. thick. (2) Oxidation by Taylor’s process. Oxygen is 
blown into the oil with the addition of oxidising agents, by which a 
less pure and less elastic linoxin is prepared in 12 hours. The 
shredded linoxin is boiled in steam-jacketed pans with kauri resin. 
The hard dark brown mass obtained is termed linoleum cement. 
Equal parts of cement, linoleum, and powdered cork are added with 
the mineral pigments. For bright pigments wood sawdust is used. 
The mixture is passed between four largo hot rolls heated to 140“ to 
150“ C., along with the jute fabric on which the composition is to be 
applied. The lustre is obtained by passing the coated cloth through 
polished cylindrical rolls, in the jacket of which is a freezing mixture. 
The large bands obtained, 150 yards long by 2 to 3 yards wide, are 
covered on the reverse side by a red paint by means of a finishing 
maqhine. The bands are cut into lengths of 25 to 30 yards, and 
dried flat in a stove. Continuous lengths of linoleum are so ob- 
tained. 

Lewkowitsch analysed a so-called “ scrim ” oil, one produced by 
blowing, and subsequent oxidation in a thin film, so as to produce 
completely solidified linseed oil, which finds a use as massive linoleum 
(linoleum cement), and which is practically insoluble in all oil sol- 
vents. Nothing has been ascertained in regard to the analytical 
figures of solidffied linseed oil, only as regards (1) the mixed fatty 
acids, (2) the oxyaoids, and (3) the acids soluble in petroleum ether. 
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analytical figures relating to solidified linseed oil 
FOR USE IN linoleum MANUFACTURE (SCRIM). 
(LEWKOWITSCH.) 



Solid Oil. 

(1) 

Total Fatty 
Acitls. 

Oxyacids. 



(«) 

Fatty Acids 
free from 
Oxyacitls. 

1. Neutralisation number . 


20f)*n8 


179'97 

II. Saponification ,, 

287-47 

248*74 


187*68 

III. II.— 1 


89*1 1 

— 

7*61 

IV. Iodine number . 

52-2 

(;9*27 

46*49 

61*81 

V. Total soluble acids . 


59*67 

59*68 

18*89 

VI. Unsaponifiable 

1-38 

— 


— 

VII. Oxyacids .... 

58*01 

— j 

— 

— 

VIII. Heliiier number 

58*02 

81*82 ! 

— 

— 

JX. Zinc acetyl number . 

— 

55*04 I 

104*99 

81*36 

X. Apparent acetyl number . 
XI. Saponification number of j 

1 — 

115*01 

164*67 I 

60*25 

acotylated product . I 

XII. Hehnor number of acety j 

867*75 

804*24 ! 

841*48 

246*11 

lated product . . i 


84*4 

76*88 

96*05 

XIIT. XI.— IT 

1 

j 

55*5 

1 

86*29 

58*58 

Linoxin has often to be determined quantitatively in dried coats 


-of paint. Looked at in a certain lij^ht, it docs not consist in the 
<ietermination of the linoxin but that of the total oxidised and un- 
oxidised* linseed oil. Oleic acid takes no part in the drying p ocess, 
and the linolcnic and the linoleic acids are not quantitatively oxidised 
as already stated. Mulder found in dried linsetid oil only about 80 
per cent, of ether-insoluble linoxin. Lately, Meister believes that 
linseed oil in the drying process is oxidised up to the minimum iodine 
pumber of 26*9. During linoleum manufacture, the oxidation, for 
various reasons, does not go so far as in the drying process. Ingle 
found that ether ceded 4'5 per cent, in form of a yellow crystalline 
mass. The total linoxin from the linoleum cedes a certain amount 
to ether, so Pinette must have lost sight of the fact that linoxin is 
insoluble in ether. This insolubility in fat solvents is only relative, 
a.8 first pointed out by Livache. By prolonged treatment with 
benzol, the linoxin waa broken up and partly dissolved, and behaved 
somewhat like rubber. The solution left, after evaporation of tjie 
> benzol, a solid mass sticking to the fingers, which softens on warm- 
ing. Livache found that the soluble portion acted as a cement for 
, the insoluble part, the unoxidised oil, in dried coats of paint, first by 
saponification and then isolation of the fatty acids and oxyacids ; 
the water soluble portion of the latter is but slight. In the case 
J of linoleum, however, this is not so, as a large proportion of cork 
dtist dissolves. Ulzer and Baderle give the saponification number 
cork dust as 238'5, and Ingle by treating cork dust with alcoholic 
^^tesh obtained 
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Cellulose 

Ash 

Acids soluble in ether 
„ „ „ alcohol . 

„ „ „ water . 

Unsaponifiable soluble in ether 

„ ,, „ alcohol . 


Per Cent. 
24-4 
1‘8 
22-7 
6-9 
84-4 
3*4 
7*4 


100-0 


Ulzer and Baderle allowed benzol to act under pressure (for 
1 hour at 150° C.) on linoxin, and obtained complete solution. They 
therefore prescribe the above method for the estimation of linoleum 
cement (linoxin + unoxidised oil + rosin) in linoleum. They found 
in various samples 13 to 25 per cent. According to Fritz this is too 
little ; a marketable linoleum must contain, at least, 30 per cent, of 
linoleum-cement, which on its part usually consists of 82 per cent, 
of linseed, oil, mostly oxidised, 12 per cent, of rosin, 5 per cent, of 
kauri, and 1 per cent, of castor oil. He believes that much informa- . 
tion is obtained by replacing the benzol treatment by a benzol- 
chloroform extraction. Finally, he elaborated a method for extraction 
of the four substances for determination. Much of the newly- 
marketed linoleum-cement is, besides the Lincrusta factories, bought 
up by the large linoleum manufactories. 

Action of Solvents on Linoleum, Determination of the Acetone 
Extract, — Acetone, like ether, extracts an indelinito amount of soluble 
matter. Ether — on extracting with ether a sample of the dried skin 
produced by the “ scrim process, 67*5 per cent, was extracted in 24 
hours, but the extraction was still unfinished after 4^ months, when 
the extraction was 85*32 per cent. Alcohol, benzene, chloroform,, 
and acetone yield similar extracts. Extraction by petroleum spiril 
of b.p. 35° to 50° C. (95° to 122° F.) also exhibits no end reaction but 
produces extracts differing from those yielded by other solvents. 
In actual practice, successive extraction (1) by petroleum spirit (24 
hours), (2) of the petroleum spirit residue, by ether, gives useful re- ; 
suits. The petroleum spirit extract is a pale greenish-yellow fairly 
mobile oil, and thickens but does not dry, that is, forms a skin on, 
exposure. The ether extract of the petroledm spirit residue is a / 
viscous, tacky, yellowish-brown oil, which dries on exposure to air, ^ 
forming a fairly hard elastic skin. If the final insoluble residue be - 
taken as linoxin, the variations in the proximate analysis of the skins ' 
produced by the scrim process are given in the following table : — 
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^ TABLE SHOWING THE VARIATIONS IN THE PROXIMATE ANALYSES 
OF THE PARTIALLY OXIDISED OIL OBTAINED BY THE SCRIM 
PROCESS. 



h i ^ 

3 

4 

5 

0 

7 

Linoxin, per cent. . 

! 4h-67 1 47-08 

43-02 

48-41 

40-22 

67-09 

42-40 

i Ether extract, per cent. . 
Petroleum spirit extract, 

: 31-10 , 20-79 

27-98 

29-88 

26-46 ! 

26-10 

32-91 

i per cent. 

S 19-27 ‘20-13 ! 

1 

20-45 

22-21 

25-88 

17-75 ! 

j 

24-68 


Oxidised linseed oil used for a rubber substitute or for grinding, 
as made at present, is practically insoluble, and therefore inapplicable 
for painting, and- can take up from an economic point of view no 
further oxygen from the air. Mr. Samuel Banner, of Liverpool, 
patented an invention to obtain as great or even a still greater degree 
of oxidation than hitherto, and yet obtain oil perfectly soluble for 
painting. It consists in introducing into the oil, either before com- 
mencing the blowing or during the blowing from time to time, a 
solvent, preferably a hydrocarbon of the olefine, paniffin, or turpentine 
series, in such quantities that at the conclusion of the process there 
is sufficient solvent to keep the whole liquid. It will, of course, be> 
evident that so long as the oil is fully liquid the solvent need not bo 
added, but it must not be allowed to go too far in the direction of 
solidification to prevent the action of the solvent. Large number® 
of thes§ light hydrocarbon solvents are well known in the trade, and 
as they are all very much like each other, and of almost equal utility 
for this purpose, no rules can be given for choosing them beyond this, 
that hydrocarbons having boiling-points which indicate safety and 
free evaporating qualities are those most efficacious. By the above 
process the inventor obtains, dissolved in the solvents, oil at a very 
high degree of oxidatioh, which could not practically be dissolved in 
these same solvents if added thereto in the solidified and oxidised 
condition. In actual practice it is found most convenient to heat tho 
drying oil to about 220° F. or thereabouts, and then blow, and when 
the temperature begins to rise the oil is cooled, and kept at about 
150° F. In this process the addition of driers assists oxidation of the 
oil, just as it does ii^^ the ordinary one, and besides the usual oxide 
driers, borate and sulphate of manganese, or that compound known 
in commerce as acetate of manganese, may be used in order to 
assist the oxidation. A combined oil and solvent of this nature, 
with or without driers, is admirable for use as a menstruum for 
paints and for oilcloth making, etc. It is a quick drier, as the 
solvent has only to evaporate and the oxidised oil remains as a solid 
dry layer. A very cheap painting oil, with large body, is thus ob- 
tained, and it is to be borne in mind that in this invention the article 
isirom beginning to end (and the final product likewise) in the liquid 
6r viscid state, and no solid at all is produced during the operation. 
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CHAPTER XII. 


THE TECHNICAL CHEMISTRY OP LINSEED OIL. MANUFACTURE 
OF RUBBER SUBSTITUTES. 

India-rubber Substitutes. 

Definition, — Sulphur, sulphur chloride, and nitric acid are usee 
respectively to convert oils (drying oils lend themselves most readily 
into solid elastic substances used as rubber substitutes, the basis o 
which is most generally a drying oil, linseed oil, walnut oil, etc. (walnu 
oil is too dear and is only mentioned to show that the same resulti 
can be got with it as with linseed oil). But non-drying oils are als( 
extensively used in Germany, and maize oil in America, in making 
chlorosulphuretted oil substitutes from sulphur chloride. 

Practice and experience are required to get at the right proper 
tions and the proper temperature. The published recipes are gener 
ally obsolete, fit to guide beginners in practical researches, but not fo: 
immediate and profitable use. It will suffice to describe the prepara 
tion of the two main kinds, (1) oxidised oil, and (2) vulcanised oi 
substitutes, 

1. Oxidised Oily Black Substitutes. — Saccs Experiments on tJu 
Action of Dilute Nitric Acid on Linseed Oil ^ (Caoutchouc des Huiles) 

Saco, whilst working in 1846 on the saponification of linseed oi 

iby caustic soda, examined the action of dilute nitric acid on that oil 
When 100 parts of linseed oil and 200 parts of dilute nitric acid 
diluted with four times its volume of water, are gently heated witl 
continual stirring, the oil becomes brownish-red in colour ; there ii 
abundant disengagement of nitrous fumes, the oil thickens in 4 houn 
to a syrupy mass. Zonas in 1848, following up Sacc’s experiments 
first of all thickened the oil by heat, then having rendered it viscous 
eet fire to it, then, after having partially burnt it, so as to give it th< 
consistency and body of a printing ink vehicle, he treated the result 
ing product with dilute nitric acid. This was the beginning o 
oxidised oil rubber substitutes (caoutchouc des huiles).^ 

Sollier and Ratiwr's Attempts , — In 1864 F. Sollier, whethei 
ignorant or not of above attempts, tried to convert linseed oil into i 
rubber substitute capable of replacing rubber, in some of its essentia 
applications. Rattier patented a similar product. Present Procmt 

^ See also the writer's tianslation of “ India-rubber and Gutta-percha ” (Scott 
i;iar«liiwood& Son), ^ J 

; : (242) , , J 
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iw-Iiinseed oil is heated until brown and viscous (22 lb. requires 24 
consecutive hours’ heating) and then treated for a few hours with 
nitric acid, until it has assumed a thick plastic consistency, and, 
when cooled in the air, becomes solid. The product is freed from 
the excess of acid by kneading it in weak alkaline lye, until no longer 
acid. When cold it has the appearance of natural rubber; it is 
rather elastic, softens in hot water, and, unlike rubber, becomes 
plastic like gutta-percha. It is soluble in turps, carbon disulphide, 
and alkalies. Acids precipitate it unchanged from its alkaline solu- 
tion. 

If dilute nitric acid and linseed oil yield a product similar to that 
obtained by the action of sulphur chloride on oils, vide infra, yet in 
the latter product sulphur seems the active agent, which explains why 
the same substance is got from drying or non-drying oils. With 
nitric acid there is rapid oxidation exclusively confined to those 
oxidisable principles, viz. the unsaturated fatty acids only found in 
drying oils. 

The oil is first heated so far as to render it viscous ; it is then 
boiled for a long time with dilute nitric acid. A solid elastic, brown, 
non-tacky substance is obtained analogous to caoutchouc, whence its 
name of black artificial rubber. A similar substance is obtained with 
the different drying oils, but in proportion to the intensity of their 
drying properties. Linseed oil and walnut oil yield eight to ten 
times as much as poppy-seed oil. 

Use &f Rubber Substitutes made from Nitric Acid and Linseed Oil 
in Waterproofing Canvas, Imitation Leather. Its Application to 
Wood, Stone, and Metal. — As soon as discovered the product was 
utilised for waterproofing canvas, imitation leather for saddlery and 
carriage building, and travelling articles of a suppleness and fitness 
leaving nothing to be desired. If its use is less and less for some 
time back, it is still in vogue, and if but rarely used alone it is still 
sometimes added as an additional ingredient to articles made from 
pure rubber. As it adheres perfectly to all fabrics without altering 
them or penetrating them too deeply, the manufacturers of waterproof 
canvas often resort to it. It may also be readily applied to wood, 
atone, and metals, when it contracts a wonderful adherence. 

* Properties of Oxidised Oil Rubber Substitute . — This substance 
does not melt, but differs decidedly from the final product, linoxin, 
yielded by the complete oxidation of drying oils : by the fact that it 
j ^^nnot be saponified by a concentrated aqueous solution of potash. 
VOn heating therewith, an emulsion is obtained which does not 
>ceparate on the addition of an acid. With alcoholic potash, on the 
complete saponification takes place, and the addition of an 
a mixture of fatty acids of complex constitution. With 
disulphide there is an emulsion ; in petroleum the substance 
fl^hlls Vithout dissolving ; in a mixture of alcohol and ether it swells 

Resolves if a large quantity of ether be add^, whilst it is pre- 
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bipit^fcted it alcohol be added in too great proportion; finally, it ia 
soluble in ether and in a large excess of turps. Rubber substitute 
(from linseed' oil and nitric acid) consists (1) of a mixture of sub- 
stances present in the original oil and not sensibly changed by the 
nitric acid treatment, and (2) of products oxidised by. the nitric acid 
and transformed into linoxin, the relative proportions of these sub- 
stances masking the individual properties of each. This substance is 
used either in solution in ether or in spirits of turpentine in water- 
proofing fabrics, or is added directly in the solid state to india-rubber.^ 

2. The V 2 ilcani 8 ation of Oils. Manufacture of Rubber Substitutes 
{White Substitute) by the Action of Sulphur Chloride on both Dry- 
inij and Non-drying Oils . — This process is due to Parkes, who, in 
1855, patented a process for vulcanising linseed and rape oils by 
sulphur chloride. By mixing linseed oil with 5 per cent, of sulphur 
chloride, it becomes very thick, becoming plastic with 15 to 20 per 
cent., the solidity increasing as the percentage rises to 25 per cent. 
If the mixture be cooled solid sheets are obtained, on which other 
layers can be superimposed so as to obtain sheets thick enough for 
making printing rolls, boxes, knife handles, etc. If some carbonate 
of lime be added the carbonic acid evolved converts the mixture into* 
a white spongy mass, which is mixed with natural* rubber. Sulphur 
chloride has a similar action on other oils such as earth-nut or colza. 

Nickles and Kochleder first investigated the action of sulphur 
chloride on fatty oils with the resulting production of a rubber sub- 
stitute. Sulphur chloride mixed with any vegetable oil immediately 
converts it into a solid, which sometimes is very hard. 

Parkes, to whom industry owes the process of vulcanising rubber 
by SgCL, patented a process for vulcanising linseed oil and rape-seed 
oil by SjClj (British Patent of 22 October, 1855, No. 2359). 

Roussms Researches . — In 1858 Roussin described the action of 
sulphur chloride on oil (29 November). If we take 100 parts of 
linseed oil and about 26 parts of sulphur chloride a compound is ob- 
tained possessing the maximum hardness, but 100 parts of linseed oil 
and 15 to 20 parts of chloride yield a more supple product ; and, 
finally, 100 parts of oil and 6 of chloride thicken the oil, it is true> 
but do not harden it. This latter mixture is soluble in all ordinary 
oils, which is not so with thicker mixtures, Mich only swell in these 
v^icles. When linseed oil is diluted with 30 to 40 times its weight 
of carbon disulphide, if one-fourth of the weight of oil be replaced 
by the same quantity of sulphur chloride, a product is obtained 
which remains liquid for a few days. If this solution be applied 
oh glass, wood, etc,, the carbon disulphide evaporates immediately,, 
and a coat of varnish is soon left. Several precautions are taken ad 

^ Synthesis of Oenuins Rud&if The attempts that have been made to coiE^ 
vert spirits of turpentine into real rubber have not as yet been carriei^ out 
preotice* 



lilimFAOityiS'dF iviw&n a.;' : 

as to produce mixtures of sulphur chloride with the above properties, 
A sulphur chloride containing the greatest possible proportion of 
sulphur is selected. This liquid product is poured rapidly into 
the oil, and the mixture agitated to obtain a uniform mass. Soon 
the oil heats, the reaction ends, and the oil hardens or forms a soft 
compound, according to the proportions of chloride. It is essential 
to operate only on small quantities at a time, and to avoid such a 
heat as would volatilise the chloride, produce bubbles, and even 
blacken or carbonise the oil. (Sulphur dichloride should never be 
' used in these preparations, its action is too energetic ; the oil treated 
would carbonise very rapidly and the prep^aration be irremediably 
burnt.) When the two substances are intimately mixed the product is 
run on to a glass plate, or upon another plane polished surface, whore 
it is equalised, then after the lapse of 5 to 10 minutes, according to 
^ the temperature, whether greater or less, combination is complete. 

One hundred lb. of the oil are mixed with 4 gallons of benssoline, 
and there is added a mixture of 25 lb. of sulphur chloride in 2 gallons 
of benzoline. The work should be done in a closed vessel provided 
with a stirrer, and the sulphur chloride should be added only in small 
quantities at a time. Some heat is generated which causes the 
petroleum spirit to vaporise, while a little gentle heat at the end is 
sufficient to drive off the remainder. These sulphur chloride sub- 
stitutes are generally of a pale yellowish colour, rather spongy in 
texture. They contain little free oil, and no free sulphur. They 
work wiih the rubber better than do the oxidised substitutes previ- 
ously described. A pellicle is obtained, which it is easy to raise ; all 
that is required is to detach one of the corners with the point of a 
knife and to pull the remainder gently by means of this corner. 
Moreover, several of these layers may be superimposed, taking care 
so that they may amalgamate together well, to apply one above the 
other when the latter is cold. In order to ensure perfect amalgama- 
tion, moisture must be avoided, which decomposes the chloride and 
prevents adherence. By working thus solid sheets are got for use in 
making goods previously only made from rubber. These articles are 
quite transparent if carefully heated in an oven, or in a hot chamber, 
for a sufficiently long time for the vapours disengaged by the chloride 
to escape. They reftsl atmospheric influences, acids and weak 
' alkalies ; but they are brittle, and emit a peculiar odour, from which 
it is difficult to free them. The above substitutes are sometimes used 
alone in waterproofing cloth, making hose-pipes for water, and in ad- 
mixture with ordinary rubber for all other uses. 

All vegetable oils are used in the making of these substitutes, but 
Unseed, rape-seed, earth-nut, and colza oils are preferred. 

’ Brown Substitutes — Oils Vulcanised by Flowers of Sulphur . — 
: Rubber substitutes made from sulphur chloride, vide supra, are colour- 
fiesB, ahd in no way resemble commercial rubber in texture. Their 
|Ji||anufacture is delicate and subject to frequent failures, due 



to the too energetic action of ' the chloride upon the oila 
it however low a heat. This difficulty is overcome by the direol 
rulcanisation of linseed oil, by flowers of sulphur, which producea 
ft black substance approaching more nearly to the natural colour of 
rubber, which, by its slower and more gradual elaboration, avoids the 
innumerable accidents of a reaction accomplished too rapidly. Thia 
substitute, which at the present day has in most instances displaced 
oil vulcanised by sulphur chloride, is prepared thus : Linseed oil 
previously heated to 100® C. is intimately mixed with 5 to 10 per 
cent, of flowers of sulphur, according to the object desired, then 
heated gradually to about 130® C. {266° P.). The mixture rapidly turns 
brown, and when it has got to the right heat and very pronounced 
syrupy it is left to itself, without, however, allowing the heat to lower 
below 100° C. (212° F.). Vulcanisation is known to be finished by 
the deep-brown, almost black, colour of the mass, and its ever-increas- 
ing thickness. At this point the process is conducted as in the case 
of sulphur chloride substitutes. The vessels are emptied on smooth^ 
cold surfaces, to render the product detachable after cooling. A 
substitute from non-drying oils is made by taking 100 lb. of good 
Stettin colza oil and mixing it with 16 lb. flowers of sulphur, and 
heating the mixture with frequent stirring to about 300° F. until 
a dark coloured, almost solid, mass is obtained. On cooling, the 
mass is rubher-like but devoid of the elasticity and tenacity 
characteristic of rubber. During the process part of the sulphur 
enters into combination with the oil, part remains free. The free 
sulphur should be very small. The average amount is 2*5 per cent. ; 
when the amount reaches 5, it is objectionable, as it produces defective 
goods. All the oil should be combined, as any free oil is found to act 
upon the real rubber with which the substitute is mixed, and causes it 
to decay. The fatty compound formed by the interaction of the oil 
and the sulphur is not soluble in petroleum ether or petroleum spirit^ ,, 
but is acted on by alcoholic solutions of caustic soda. 

Rubber Substitute from Maize Oil . — The manufacture of rubber 
substitutes is so simple as to lie easily within the means of ordinary 
factories. It is assumed that the factory has ordinary conveniences, 
and gas is laid on, as in the manufacture of “black sub ; great heat, 
is supplied by gas quickly and economically: »»A cylindrical tank or 
bojler should be provided holding one or more barrels of corn oil, and“^^ 
placed so that it may be filled at its top. Such a tank, in the factory 
basement, could be filled from barrels on the main floor with littlof 
trouble or waste by placing the tank immediately beneath the floor#'^ 
which is provided with a small hatchway or trap-door. The tanfcv 
should be filled with faucet for drawing off oil as required; or oil v 
may be piped directly to the boiling-kettle* Gfw jets are arrangedli; 
around base of this tank, so that its contents can be heated iu(/S 
advance, an eeonomy in time. Within easy distance of the tank sho 
be another cluster or circle of gas jets in a chamber shut in at 




sid^ open at the top, properly^ oonatructed, and of » strength ter 
sustain an 8-gaUon pan. Still another cluster of gas jets should 
be provided over which sulphur can be melted. Also a cooling 
box, 2 by 3 by 5 feet, constructed of wood. The apparatus now 
consists of an iron boiler for holding the supply of corn oil, a 
heater for boiling the oil, a heater for melting sulphur, and a cooling 
box. Two strong men are required to handle the work properly. 
Eight gallons of corn oil are drawn off from the tank, and 20^ lb. of 
sulphur weighed into a large dipper, and each placed over its re- 
spective heater. The oil, having been previously heated, attains the 
boiling-point quickly, and for 30 minutes should be kept at a tem- 
perature of 470“ F. and constantly stirred. The sulphur, being now 
melted, is added to the boiling com oil. It must be added hot to 
prevent crystallisation. The workmen must be prepared for prompt 
and skilful action at this point, for no sooner does the sulphur mix 
with the boiling oil -than the contents of the kettle rise rapidly, and 
before it can boil over must be removed and emptied into the cooling 
box, where it is stirred. When cold it is dumped upon and tied up 
in large cloths, or placed in pans ready for use, as convenience or 
necessity suggests. In this manner black substitute is manufactured. 
The boiling will reduce the quantity somewhat, say 2 per cent., and 
from a weight of 69^ lb. of material a batch should result weighing 
about 68 lb. It will be noted that something over 41 per cent, of 
sulphur is required to make this substitute, while to oxidise (vulcanise) 
cotton-ieed oil or rape-seed oil requires but 26 per cent. A recipe 
which has been given for making sulphur chloride substitute from 
rape-seed oil is as follows : — 


Rape-seed oil . . 4 gallon. 

Benzine . . . . ^ 1 » 

Suljphur chloride 14 ounces. 

Magnesia . . * 4 


The above-described rubber substitutes are sometimes employed 
In waterproofing cloth, water pipes, etc. ; sometimes in combina* 
tion with natural supple rubber for other industrial uses. 

Only one class of organic compounds plays an important r6le in 
the rubber industry,* viz. the products sold as rubber substitutes, 
l^ificial rubber or imitation rubber, made by heating oils, whether 
drying or non-drying, with sulphur or sulphur chloride, and the non- 
sulphuretted substitutes made by oxidising linseed oil. 
r WaUffroaf Farnw/i from Vtdeanued Oil (Fr. Pat. 480,038, 
If. Poto). — Oila vulcanised with sulphur chloride are dissolved in 
l^yl acetate, the following typical method of preparation being fol- 
lowed : One thousand parts of castor oil are mixed with 2000 of amyl 
i^tate, and stirred up well with 2$0 parts of sulphur chloride. In 
^"short time the mixture sets to a hhirly solid jelly, and gives off large 
iil^ntities of hydrochloric acid vapour from the acetyl chloride form^ 



during the reaqtion. If, however, the product be left in a tightly 
closed vessel for several days it will be found to have become com- 
pletely liquefied and dissolved. The acid reaction is neutralised, 
preferably with barium carbonate, and after the precipitate has been 
removed by decantation and filtering, a clear, almost colourless, liquid 
is left, consisting of a perfect solution of the vulcanised oil, hitherto 
regarded as insoluble. This solution may be employed, as it is, for 
waterproofing fabrics, leather, paper, etc. On the other hand, if it 
be mixed with other solvents, such as alcohol, benzol, acetone, acetic 
ether, etc., and employed to dissolve a certain proportion of nitrocel- 
lulose, there results an excellent varnish for glossy leather — the gloss 
resisting the action of soap, friction, etc. — a leather polish, a varnish 
for oil cloth, and when mixed with pigments, a waterproof, quick- 
drying paint which will stand washing and changes of temperature. 

Analysis , — Substitutes are generally met with in the form of 
yellow or brown elastic masses, without cohesion, breaking up under 
pressure, greasy and moist to the touch. Two of these substances 
gave the following results : — 

TABLE SHOWING THE PARTIAL ANALYSIS OF TWO RUBBER 
SUBSTITUTES. 



I. 

II. 

Water 

1-00 

0*85 

Sulphur .... 

C)‘17 

G4 

Ash 

5*52 

0*8 


Substitutes behave towards solvents like rubber itself; insoluble in 
alcohol, they only dissolve with difficulty and incompletely in benzol, 
carbon disulphide, turps, etc. To detect the presence of oils or fata 
in manufactured rubber, a method has been proposed which yields, in 
experienced hands, useful results. The rubber is digested in carbon 
disulphide to which 5 per cent, of turps has been added, the solution 
is filtered after a few hour's, and distilled. An appreciable residue 
indicates the presence of foreign bodies of a fatty nature. The 
method has several drawbacks: first, vulcanised rubber is slightly 
soluble in the mixture of carbon disulphide and alcohol ; the experi- 
ment is not conclusive unless the fats are present in notable quantity ; 
finally, sulphur is likewise dissolved, and maj give rise to error. In 
spite of these drawbacks, from a qualitative point of view, the method, 
applied with discretion, may yield useful indications. For a quanti- 
tative estimation the process cannot be adopted, because the sub- 
stitutes only dissolve partially, even when isolated and repeatedly 
digested in alcoholised carbon disulphide. The sorts examined left 
ftfter solution a residue of 20 to 30 per cent, of their weight, and on 
each treatment still further lost 1 to 2 per cent., so that it cannot 
be admitted that the substitute is insoluble, and that it is the 
proportion of unchanged oil or fat which alone dissolves. Substitutes 
dissolve completely in petroleum at a high temperature, as vulcanised 



robber does itself. Ligroin only dissolves them partially. Aqaeoos^ 
soda dissolves them with difficulty and incompletely. The action of 
alcoholic soda is dealt with further on. Hubl’s iodine addition 
method seemed likely to prove useful, for rubber hardly absorbs 
iodine, whilst sulphuretted oils should readily fix iodine, like the 
oxidised oils which almost retain their primitive iodine value. 
Preliminary experiment led to this unexpected result : siilphtiretted 
oils do not absorb iodine and behave like quasi-saturated compounds, 
Henriques tried to separate the sulphur from the substitutes and to 
isolate and weigh the regenerated fatty acids. He treated the sub- 
stitutes with alcoholic soda, to which different salts that absorb 
sulphur were added— salts of lead, mercury, copper and zinc ; but 
in whatever way treated, the fatty acids, isolated from the alcoholic 
lye, varied in quantity, and always contained equally variable quanti- 
ties of sulphur. He tried, without success, to effect saponification 
•and desulphurisation in a closed vessel at a high temperature, 
by replacing ethylic alcohol by amylic alcohol. However, sub- 
stitutes dissolve freely and completely in alcoholic soda, and on this 
fact is based an approximate method of analysis. Sharp and com- 
plete separations as in inorganic analysis are here quite impractic- 
able. Results are only approximate. We have to deal with very 
<5omplex mixtures, like rubber itself, which may contain substances 
belonging to different classes of bodies. The following experiment 
•shows that substitutes, or at least their organic constituents, are 
•completely soluble in alcoholic soda : 1 gramme of substitute was 
boiled in a flask attached to a reflux condenser, with an excess of 
•caustic soda (7 to 8 per cent. Na/)). After a few hours the alcohol 
was distilled off, the residue dissolved in water, and filtered through 
a tared filter. 

Weight of the dry r<!sidue .... 0*041 = 4*1 per cent. 

„ „ „ ash 0-0418 

The residue, therefore, contained no trace of organic matter. Another 
substitute which left no ash dissolved completely. Both white 
and brown substitutes are slightly yellowish, clotted, elastic masses, 
with a neutral reaction and a slightly penetrating oleaginous 
odour. Water extracts nothing; acids and alkalies but little; 
neither do the majority of neutral organic solvents. The character- 
istic of these products is their high chlorine content — almost as high 
os their sulphur content. From their behaviour with solvents the 
chlorine should exist in organic combination. If the substitutes 
examined result from the action of chloride of sulphur upon oils, 
that reagent has entered entirely (chlorine and sulphur), into the mole- 
cule of the proximate constituents of the oil. In order to facilitate 
the explanation of the results, Henriques’ analj^ses are given on the 
next page. 



tABLB SHOWING ANALYSES OF COMMERCIAL ROBBER 
SUBSTITUTES. 



White Substitutes. 

Brown Substitutes. 


A 

B. 

C. 

. A. 

B. 

Sulphur in the substitute . 

6-4 

6-17 

8-25 

16*48 

17-71 

Chlorine „ . 

6-0 

5-86 

8-88 

0*7 

0-36 

Water „ ,, • • I 

Ash in the substitute . . I 

0*85 

1*0 




0*8 

6-61 

— 





Pereentage of fatty acids . 

90-46 

73-58 



— 



Sulphur in the „ „ . . ! 

6-12 

C-46 

8-16 

14*14 

15-20 

Chlorine „ „ „ . 

0-88 

0-43 





Iodine value of the substitute . | 

30-9 

31-0 

82-6 

42*0 

42-0 

„ „ „ fatty acids . 

91*8 1 

91-2 

102-8 

129-0 

125-6 


The determination of the sulphur of substitutes involves the 
same precautions as rubber. Oxidation by nitric acid, followed by 
fusion with an alkaline oxidising agent, alone yields concordant 
results. To estimate the chlorine, nitrate of silver was added to the; 
nitric acid, so as to avoid all loss by volatilisation of the hydrochloric 
acid. After alkaline fusion, the whole is digested in water, the in* 
soluble silver compounds are separated (generally metallic silver),, 
and the sulphur is estimated in one portion of the liquid as barium 
sulphate, and the chlorine by titration with nitrate of silver and 
sulphocyanate. As already mentioned, oils solidified by aulphur 
chloride absorb only insignificant quantities of iodine. Sample A 
in the table, for example, gave an iodine number of 7'2 (Hiibl), and 
this number is only apparent. The feeble iodine absorption is partly 
due to the product being almost insoluble in chloroform. By 
frequently agitating the finely divided substitute in suspension in 
that liquid with excess of iodine solution, and leaving it in contact 
for twelve hours, Henriques obtained from sorts A and B, table, 
iodine values of 30*9 and 81. Compared with the iodine values of 
the drying oils used to make these substitutes, these figures are very 
low. Sulphur chloride seems partially to saturate the free valenciea 
of the oil as much by its chlorine as by its sulphur, possibly by ita 
chlorine alone. Substitutes treated with iddine, in chloroformia 
solution, strongly retain the metalloid, and it is necessary in the' 
Shack titration by thiosulphate to stir energetically and for a long time 
so as to destroy all iodine in excess. 

Substitutes are completely soluble in alcoholic soda, vide supra^ 
In this reaction, the chlorine is almost eliminated, whilst the per- 
centage of sulphur in the fatty acids corresponds exactly with the 
percentage of sulphur in the substitute. However, the proportion ot 
fatty acids found is always lower than simple saponification would?;: 
?;|naply, even taking into account the elimination of the chloru^ 
.^tthus. Bamnie A have 90 ner cent.. Ramnle .B bnlv 74 rmr iMktii aII 




fatty acids. A portion of the oil and a comspodding qnant% dl 
sulphur must thus have undergone a different transformation. 
The liquid from the saponification contains much chlorine but no 
apparent sulphur nor sulphuric acid, sulphuretted hydrogen noi 
sulphurous acid. But on evaporating these liquids in presence ol 
the excess of hydrochloric acid added to liberate the fatty acids to 
the point where hydrochloric acid fumes begin to be given off, the 
presence of much sulphuric acid is demonstrated. It would seem, 
therefore, that the sulphur chloride with the assistance of oxygen 
borrowed either from the air or the substitute itself, transforms 
a portion of the oil into a sulpho-oleic acid analogous to those pro- 
duced in the manufacture of turkey-red oil. In all substitutes made 
by Henriques these sulpho-oleic acids were formed, in greater or 
less quantity, with a consequent diminution of substituted fatty acids, 
These concomitant reactions are difficult to regulate, for even when 
working under apparently identical conditions, he obtained variable 
proportions of insoluble fatty acids. As saponification eliminates 
chlorine from the molecule of the substitute, it was to be foreseen 
that the isolated acids would appreciably absorb more iodine than 
the substitutes from which they were derived, whilst the ordinary 
fatty acids yield, as is known, an iodine value approaching that of 
the oils from which they were derived. In fact, the iodine values of 
the fatty acids are almost triple those of the substitutes. Little is 
known of the action of sulphur chloride {S2CI2) on fatty oils, Warren 
asserts that drying oils yield solid masses with sulphur chloride in- 
soluble in carbon disulphide, whilst the non-drying oils yield products 
soluble in that solvent. 

Stolmann, in the last (German) edition of Muspratt's “ Diction- 
ary,” writes that these ‘results are unreliable, as olive oil — the type 
of the non-drying oils — is transformed by sulphur chloride into a 
rubber-like mass, insoluble in ether. Sommer’s patent speoifioatidn 
as well as Henriques' results, formally contradict Warren’s asser- 
tions. If a sufficient quantity of sulphur chloride be added to a 
fatty oil, the two liquids soon mix. Energetic reaction soon sets 
in, with great evolution of heat. The mixture froths, rises, gives off 
vapours of sulphur chloride, with a little hydrochloric acid and 
sulphurous acid gan ;* after a few seconds the whole becomes con- 
verted into a solid, elastic, scarcely tacky mass that can be gipund 
and crushed under the pestle. Exposed to the air, the mass loses 
the excess of sulphur chloride used and the adherent hydrochloric 
acid; it then resembles in every way commercial white rubber 
substitutes. If one or other of the reagents, or both, be diluted 
with a neutral solvent, carbon disulphide or benzol, the reaction 
is longer in being manifested, its violence is moderated, but the 
{final result is the same. The substitute is a little more porous in 
consequence of the volatilisation of the solvent. That is bow tfie 
^ll^tion goes on in presence pi sufficient quantity of sulphur 






M^Otidie. In the contraiy case, along with a less disei 
heat, a pasty, tacky residue is obtained, which even along time 
afterwards, whether in the hot or in the cold, does not solidify. The 
‘quantity of sulphur chloride required to convert an oil into a solid 
substitute varies with the nature of the oil, according to Henriques’ 
experiments thus : — 


^ABLE SHOWING THE NUMBER OP LB. OP SULPHUR CHLORIDE 
REQUIRED TO CONVERT 100 LB. OP DIFFERENT VEGETABLE 
OILS INTO WHITE INDIA-RUBBER SUBSTITUTE. (HENRIQUES.) 


100 parts of 
oil of 


^ Linseed “v 
Poppy 
Rape \ 
Cotton I 
Olive I 
V Castor J 


do not yield 
a solid pro- 
duct with 


Parts SnCL. ^ 
25 
30 
20 
40 
20 

I 18 


but do so 
well with 


Parts SjClo. > 
30 
85 
25 
45 
25 
20 


These figures show that there is no relation between the drying 
properties of oils and their aptitude to solidify under the action of 
eulphur chloride. Having fixed the proportions of sulphur chloride, 
Henriques prepared and analysed substitutes with linseed oil, rape 
•oil, and poppy oil bases, and with a mixture of equal parts of linseed 
•oil and rape oil. 


TABLE SHOWING ANALYSES OP SPECIALLY PREPARED 
SUBSTITUTES. 



A. 

B. 

C. 

D. 

E 

F. 

G. 

H. 

‘ 1. 

Sulphur in the substitute 

9'84 

4-78 

8-28 

6 59 

7-68 


4-82 

10-6 

6 ‘23 

Chlorine ,, 

Water „ ,1 

Ash in the substitute 

8-84 

3*02 

4-85 

0-86 

7-62 

5-95 

7-44 


6-70 

8-95 

5-36 

0*0 

0 0 

0-0 

0-0 

0-0 

0-0 

0-0 

0 0 

0-0 

Percentage of fatty acids 

79-6 

1-67 

86 89 

87 95 

74-90 


85-35 



Sulphur in these acids . 

9 '88 

4-06 

8-34! 

6-54 

8-32 



5-32 


6-44 

Chlorine ,, „ 

Iodine value of the sub- 

Traces. 

0-60 

Little, j Little. 


- 

0-26 

Traces. I 

Traces. 

stitute 

Iodine value of the acids 

56 3 

62-6 

32-5 i 

29-9 

33-6 

42-8 

35-2 

21-9 

30-3 

160-3 

141-21 

101 -.5 . 

102-8 

133-3 

129-2 

186*22 

143-5 

91-5 

Acetyl „ . . . 



21-0 

19-6 

81-0 ! 

— 

— 



105-6 

61-3 


^{\ Oxidised rape 

Ml. Hi, Oxidi^ poppy -seed oil. F, Mixture of oxidised iimeed and poppy oils. G, 
* minimum dose of chloride of sulnhur. H, Castor oU w^h a maximun! 
dose of chloride of sulphur. I, The oU termed soluble castor (oxidised cotton-seed oil). 


The results are given in the table. Neither of these substitutes 
wre analogous with the substitutes A and B of the previous table, 
products of English origin, of which it would be desirable to know 
ihe method of preparation. On the contrary, the commercial 
lample C (previous table) yielded, on analysis, figures so similar to 
ihose of the rape oil substitutes C, of above table, that they may be 


^ Another determination gave iodine value » 121 ‘0. 
*Two other detenninatione gave 147 and 162*1. 
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rightly regarded as identical. The iodine numbers of the fatty aoids-^ 
isolated from substitutes show such wide differences from one kind 
to another that agreement in the iodine numbers may be taken as 
proof of identity. Moreover, Henriques learned from a manafactarer 
that the bulk of the substitutes made in Germany are made from raye 
oil The distinctive character of the English substitutes A and B ia- 
their relatively low percentage of sulphur, according to which only 
20 per cent, of sulphur chloride had been used to solidify the oil. 
With the exception of castor oil, only oxidised oils can bo solidilied 
with that proportion of sulphur chloride. 

Haw linseed oil, for example, which requires at least 30 parts of 
sulphur chloride, S^Clo, to solidify it when it is fresh, only requiies 15" 
to 18 per cent, when it has been heated for some hours at 200® ta 
250° C. (say 392° to 482° F.). If the temperature be pushed to 250® 
to 300' C. (482° to 572° F.), 10 per cent of SXX suffices. A substi- 
tute prepared would run into 4*78 per cent, of sulphur and 4*85 per 
cent, of chlorine. All drying oils behave in this respect like linseed 
oil. 

Henriques thus identified the English substitutes with the pro- 
duct obtained by the action of sulphur chloride on oxidised cotton- 
seed oil, known in the English trade under the name of soluble 
castor oil, “ lardine 

Brown Substitutcs.^ThuHe occur as deep brown, tacky blocks, 
sometimes in powder. Analysis shows a greater quantity of sulphur 
than Uki the substitutes previously examined. But chlorine is almost 
entirely absent. They are undoubtedly obtained by heating oil with 
sulphur. They also dissolve in alcoholic soda ; the soap, treated by 
an acid, disengages appreciable quantities of sulyhuretted hydrogen; 
the isolated fatty acids, however, contain a smaller proportion of 
sulphur than the substitutes from which they were derived. 

Their iodine value and those of their fatty acids is rather high , 8 
mixture of hemp-seed, rape, and linseed oil, or a mixture of linseed 
and rape oil, is used in their manufacture. Henriques did not pur 
sue the examination of these substitutes, which are much less inter* 
esting from the scientific point of view. To ascertain whethei 
vulcanisation of rubber, sophisticated with substitutes, influenced th< 
percentage of chlorine* in the product, Henriques examined a numbei 
of manufactured rubbers containing substitutes, and always fgunc 
chlorine in appreciable quantity. As no other chlorinated compounds 
with one exception, are used in the manufacture of rubber, we ma; 
conclude that the presence of chlorine in the alkaline alcoholk extrac 
of a rubber is due to the use of a white substitute. Quantitative te8t« 
however, showed that the proportion of chlorine in manufacture* 
rubbers is much less than that which corresponds with the quantit; 
of substitute added. Thus, in two samples the percentage of sub 
; stitttte of which came out at 63 and 12 per cent., Henriques foun 
S only 0-5 and 0*37 of chlorine, whilst calculating on an average c 
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1,7 p6r dent, chlorine in the substitute, Henriques ought to have found 
i*7 and 0*9 per cent. Cl. On vulcanisation, a portion of the chlorine 
Is therefore disengaged either in the form of sulphur chloride, or 
as hydrochloric acid. If alcoholic soda extracts an appreciable 
-quantity of substance from rubber, and the extract contains no 
chlorine, we can decide whether the rubber is mixed with brown 
.substitute or contains a fatty body. The fatty acids liberated from 
substitutes contain slightly less sulphur than the substitutes them- 
selves. Thpse of brown substitutes generally contain more than 10 
per cent. If, therefore, the fatty oils have not absorbed sulphur 
during vulcanisation—if they have not by the heating itself of the 
rubber been converted into substitute — we should be able, by isolat- 
ing the fatty acids from the treatment with alcoholic soda, and by 
estimating their percentage of sulphur, to distinguish between the 
addition of an oil heated with sulphur and an ordinary oil. In order 
to solve this point experimentally, Henriques heated rape oil with 
excess of sulphur for several hours at a temperature of 130° to IBS'" 
0. (266° to 275° F.), the highest temperature reached in vulcanisa- 
tion. The oil dissolved large quantities of sulphur, which for the 
greater part recrystallised out on cooling. After filtration the limpid 
oil was saponified, and the fatty acids separated. Finally, the latter 
were dissolved in 90 per cent, alcohol to separate the precipitated 
sulphur, and the sulphur was estimated in the acids thus purified, 
in which were still deposited some crystals of sulphur after filtration. 
Found sulphur =» 0*98 per cent. 

The quantity of sulphur so found may be neglected when com- 
pared with that which brown substitutes contain. The problem to 
detect in a rubber the presence of white substitute, brown substitute, 
or an ordinary fatty oil, and to estimate them therein, may therefore 
be regarded as solved. The presence of notable proportions of 
chlorine points to the addition of white substitute. The estimation of 
the sulphur in the fatty acids liberated from the alcoholic soda ex- 
tract decides between brown substitute and a fatty oil. The method 
is at fault if a rubber contains ail these three categories of substance 
simultaneously, but evidently that occurs very rarely. 

^ The following diagi-ams show the chemical constitution of white 
Substitute (1) before, (2) after saponification 

( 1 ) ( 2 ) 

X - CH - CHCl - y x-C = CH-y 

I I 

S, 8, 


X - CH - CHCl - y 


X - 0 - CH - y 



CHAPTEB XIII. 

TIME OF DRYING AND CHEMISTRY OP DRYING PROCESS. 


Ohevreul was one of the first to experiment on the rapidity of 
drying of linseed under varying conditions. The accompanying two 
tables speak for themselves : — 


TABLE SHOWING TIME TAKEN BY (1) RAW LINSEED OIL, (2) LINSEED 
OIL AND WHITE LEAD. (.3) LINSEED OIL AND WHITE ZINC TO DRY 
ON DIFFERENT IMPERVIOUS SURFACES. (CHEVREUL.) 



Liuseed Oil. 

Total. 1 

i 

Linseed Oil and 
Wliite Lead. 

ToLal. 

Linsee^l Oil and 
White Ziue. 


1st Coat. 

1 

3rd Coat. 

Ist Coat. 

2nd Coat. 

3rd Coat 

i ^ 

't? 

! 

% 

1 

Days. 

Days. 

Days. 

Daya 

Days. Ikys 

Days.| 

1 

Days. 

Days. Days. 

Days. 

Daya. 

Glass . 

8 

6 

4 

13 

8 2 

2 ' 

7 

4 8 

8 

10 

Copper 

5 

7 

5 

17 

2 2 

2 ; 

6 

2 4 

! 4 1 

10 

Brass 

2 

5 

6 

12 

2 2 

2 

6 

3 4 

' 8 i 

i 10 

Zinc . 

3 

5 

5 

18 

3 2 

2 : 

7 

4 3 

: 8 i 

i 10 

Iron . 1 

3 

6 

4 

13 

8 2 

2 1 

7 

8 1 3 

' 3 i 

9 

Lead . 

4 

5 

3 

12 

4 2 

2 ; 

8 

1 i 4 

: 4 j 
1 

9 




' 



t 



t 




TABLE SHOWING THE RAPIDITY OP DRYING OF DIFFERENT COATS 
OR FILMS OP LINSEED OIL, BOTH RAIY AND BOILED WITH 
AND WITHOUT DRIERS OF DIFFERENT KINDS AND ON DIF- 
FERENT SURFACES: A. B, C, OAKWOOD; D, E, P, G, GLASS. 
(OHEVREUL.) 


A. 

B. 

0 . 

D. 

£. 

F. 

a. 

' , No. of Coat. 

Dayg. ^ 

Days. 

Days. 

Days. 

Days. 

Days. 


1 

99 

41 

2 

6 

i 4 

i 

• 

2 

2 

6 

4 

3 

6 

I 5 

4 

4 

3 • 

8 

4 

2 

5 

6 

2 

4 

Total Days 

L 

106 

49 

^ *7 

17 

14 

I 

10 



A OB rmo linseed oil tested against B. ' | 

B B row linseed oil boiled lor ^hoors. 

C » raw linseed oil boiled for 9 hours with ^ per cent, of litharge, which ; 

shows that heat does not act by itoell clone as the litharge-treated* 
^ «oD dried 7 Umes more rapidly. 



THB’Hil?t3PACTt]OSB''OF 
D *B ratS linseed oil. 

B = raw linseed oil heated not higher than 70 to 80® C. for 0 hours. It willt 
be seen that it dries better on glass than the raw oil I>. 

F •=» raw linseed oil heated to 70 to 80® C. with 10 per cent, of manganese 
peroxide ; the oil then dried in half the time it took in E. 

G = raiv linseed oil boiled with 10 per cent, manganese peroxide. The- 
time occupied in drying was increased compared with F. 

To prevent surface drying, which would stop the liquid underlayer 
from absorbing oxygen, Mulder urged the need for spreading the 
oils outf thinly. He spread 3 grammes of oil over 220 square centi- 
metres (about 0*015 gramme of oil per square centimetre). He noted 
the following increases: — 

OXYGEN ABSORPTION, PER CENT., AND TIME TAKEN BY VARIOUS- 
SAMPLES OP LINSEED OIL TO DRY WHEN SPREAD OUT IN. 
LAYERS OP DIFFERENT THICKNESSES. (MULDER.) 





Tliukness of Film. 


Days. 

! 

3.^» ing. per .sq. cm 

3 mg. per s<i. cm. 

3 mg. per sq. cm. 


Oxygen Alwnrption, 

Oxygen Absorption, 

Oxygen Absorption, 


per Cent 

per Cent. 

per Cent. 

1 


1*2 


0 

— 

4-3 

— 

8 

0-06 

7*3 

0*2 

4 

— 

11*1 

— 

5 

0*1 

— 

— 

6 

! — 

16*6 

— 

7 

— 

16-9 

— 

8 

— 

17*1 

4*9 

10 

0-5 


— 

l-S 

— 

16*4 

— 

14 

— 


17*0 

15 

2*9 

— 

— 

18 

— 

14*1 

17*7 

21 

; — 




22 

! — 1 

— 

18*1 

24 

— : 

12*4 

— 

2G 

‘ — 1 

— 

18*1 

29 

10-5 1 

— 

— 

32 

— : 

18*2 

— 

36 

10*7 1 

13*6 

17*7 

39 

— 

— 

— 

43 

10-3 1 

1 — 

16*3 

46 

— . : 

11*2 

— 

50 

10*2 

— 

15*8 

68 

' 1 

11*2 

• — 

64 


— 

15*3 

71 

* — 

— 

16-3 

88 

10-6 

— 

— 

91 

‘ — 

10*8 

— 

169 

1 — 

1 — 

16-8 

112 

‘ 106 

— 

— 

115 

t — 

* 100 

— 

255 

— 

— 

14-7 


1 
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With regard to column I. of table. Owing to the length of time 
occupied by the experiment no comparison can be made, Mulder 
took the figure 10*6 as correct, even though he found much higher 
numbers in similar experiments (see columns II. and III.). Mulder 
did not overlook that the thicknesses of the films (columns I. and II.) 
are completely different, so that in the plates with closely agreeing 
end results, 10*6 and 10*0 above given, the lower layer of the film is 
untouched. This is quite correct, and was duo to the thickness of 
Mulder’s films. In the case of column I., with thick layer the maxi- 
mum of 10*6 per cent, was attained in 88 days, and in the case of 
column II., with the thinner layer, in 8 days with 17*1. This maxi- 
mum meant nothing to Mulder, neither was it of any importance in 
a third research (column III.) which he undertook. The experiment 
was made on linseed oil treated with cone. H.^S 04 (column HI.). It 
will be seen how the oxygen absorption decreased during Mulder’s 
protracted experiment. He believed that sulphuric acid saponifica- 
tion had occurred and tested the linseed oil for free fatty acids by 
shaking it with alcohol and precipitating the solution with lead 
acetate ; he only got a very small precipitate. Moreover, ho found 
no difference although the dried linseed oil was darker. lie tried to 
explain the decreased absorption by assuming that, normally, oleic 
acid is volatile ; here, from an absorption point of view, it formed fixed 
oxidation products. He therefore ascribed the increase in weight, 
during the drying of the linseed oil, to oxygen absorption, and the 
decreasfe in weight that followed, to the escape of volatile substances 
therefore the apparent oxygen number of the oil was 11 per cent. 
Mulder made a similar experiment with his linoleic acid. With a 
film of thickness of 24 milligrammes per sq. centimetre, in 28 days he 
found an oxygen number of 17*9, with 29 milligrammes in 23 days he 
found 20. The linoleic acid by that time had, moreover, become 
solid, but viscous and tacky. 


TABLE SHOWING OXYGEN ABSORBED PER CENT. BY WEIGHT BY 
LINSEED OIL WITH AND WITHOUT DRIERS. (MULDER.) 


Oil Alone. 

* Increase in 
Weight, per 
Owt. 

Oil Plus Drier. 

. - - - 

Increase in 
Weight, p« 
Cent. • 

Poppy-seed . 

12-2 

Linseed and manganese 
borate 

12-4 

Walnut .... 

8-7 

Linseed and litharge . 

12*6 

Linseed 

11*9 

„ „ red le^ . 

13-2 


^ In a later experiment a so-called boiled oil was used containing 
■ 2*6 per cent. PbO. The air issuing from the flask was first passed 
y:>through calcium chloride tubes, which retained (1) water, (2) formic,, 
life'., ••VOL. I. ' ' 17 
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and ( 3 ) acetic acid, then through soda lime tubes to absorb (4) COj. 

' Air was passed through the oil for 2 days with the following result 

Increase in weight of oil 0*92 per cent. 

Found H,0, CHjOa, OjHA 1-06 „ 

„ COa 018 „ 

Quite different results were found when the air was passed over 
the oil for 23 days : — 

Increase in weight of oil 2*08 per cent. 

Found HjO, CHA, CaHA 2*78 „ 

„ COa 0*67 „ 

The ratio of the absorption (increase in weight) to the loss in 
weight is 1 to 1*35 and 1 to 1*163. The ratio of 

HaO + CHgOa + CgH^Oa to 00 ^ 

is 6*9 to 1 and 4*8 to 1. From such wide differences as these it must 
be concluded that the nature and amount of the volatile substances 
differ under different experimental conditions. 

Kissling passed a stream of dry air free from COg through lin- 
seed oil at 100° C. (212° F.). The air on exit passed (1) through a 
vessel containing cone. Hjj 804 then ( 2 ) through another containing 
caustic soda solution. The daily increase in weight throughout was 

Of the oil 0*41 gramme. 

„ HjSO^ 0-39 

„ NaHO 007 „ 

The last figure was estimated by titration and calculated as COj. 
Small amounts of formic and acetic acids were also found. Mulder’s 
. and Kissling’s results show that the loss in weight is greater than 
the net increase in weight. Fahrion suggested the net increase in 
weight as the apparent oxygen number, analogue of the iodine num- 
ber. It must be recognis^ that the net increase in weight is only 
apparent ; this is brought about by a correction to the true oxygen 
number, viz. the total amount of oxygen entering into the reaction 
expressed as per cent, of oil. It is thus evident that the true oxygen 
number can only be determined gasometrically. Mulder estimated 
the apparent oxygen number thus ; He coated tin plates of 250 sq. 
centimetres or 160 sq. centimetres with a film of linseed oil and left 
them exposed to the air. The plates were weighed from time to time; 
Mulder gave the increase in weight in absolute numbers. At the end. 
of the experiment the sum of the negative numbers was deducted 
from the positive numbers, and the difference calculated to per cen^ 
<of original oil, the increase in weight being defined as apparent 
oxygen numbers. Fahrion, better to appreciate Mulder’s 
calculated them to per cent, of oil. 

Th$ Oxidation and Ccmeqntnt Drying of Linseed OH on Porottf 
JMsdia.— There was a long lapse of time from Mulder. till 1883, whi^ 



TIMB AHD OI&MIStBX OP DRtlNa Pi^CBSS. ’ 2lli9 : 

Achille Livache brought forward a new method. Chevreul had de*J 
scribed long before how linseed oil spread on such impervious media 
as sheet-lead, dried quicker, also on porcelain, glass and gypsum, 
whilst sheet-copper, zinc, brass, iron only slightly accelerated the 
process. Livache replaced sheet-lead by lead in powder. 

Experiments with Copper Powder to Replace Livache* s Lead 
Powder . — Hiibl recommended copper powder in place of lead powder, 
which he claimed gave results corresponding better with the iodine 
number of the oiL But Weger has shown that such a comparison 
between the oxygen number and the iodine number is impracticable. 



Fig. showing graphically the effect on the rapidity of drying and oxygen absorption 
per cent, of weather, temperature, percentage of moisture in surrounding air 
and^)xygen content of the superincumbent atmosphere on one and the same 
sample of oil tested at somewhat lengthy intervals. 

In any case, copper powder seems to be at least as effective as lead 
powder. Lippert’s experiments at least prove it. The test is made 
thus : On a glass basin, 10 to 12 centimetres diameter, 8 to 10 grammes 
of commercial copper powder, sometimes covered with a slight film 
of cuprous oxide, and then without stirring, 60 drops 0'6 to 0*7 
gramme of linseed oil was dropped on to it. If more or less be 
taken, other numbers will be found. However, working as above, 
two comparative estimations may be made, the results of which agree. 
The maximum increase in weight is determined on the second, third, 
or fourth day. The following are the results of five experiments 


TABLE SHOWING THE RESULTS OF FIVE EXPERIMENTS ON» 
, OXYGEN AB-iORPTION BY COPPER POWDER. (LIPPERT.) 


Oxygen Number. 

Flanders 
Varnish 
Linseed Oil. 

The Same Heated 
rapidly to 
d (681® F.). 

Indian 
Linseed 
Oil, Old 

Dutch 

Varnish 

Oil. 

Dutch 
Linseed OU, 
Raw Fresh. 

' 4 day 

6-4 


14*8 

9*1 

1*2 

2 days 

16*5 

11*4 

16*6 

17 6 

12*6 

1 .^0 „• 

17*8 

17*4 

16*7 

17*4 

— 

/ :’d. • • 

: 

17-4 

t 

17*9 

i 


19*8 1 

1 
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Lwache*$ Precipitated Lead Test . — ^The conversion of a drying oil 
into a solid elastic substance iffdue to absorption of oxygen. Linseed 
oil absorbs 14 to 16 per cent, of its weight, and it is easy to directly 
measure the quantity absorbed by imbibing in the oil a little spongy 
metallic lead, well washed and dried in vacuo, obtained by precipitat- 
ing a lead salt by a zinc plate ; the whole is exposed to air as long 
as the weight varies ; the increase in weight indicates the amount of 
oxygen absorbed. By this process, when conducted with the neces- 
sary precautions, the quantity of oxygen absorbed by any sample of 
linseed oil may be rapidly ascertained, and, whether a pure oil is 
being dealt with or an adulterated oil, or an oil already partially 
oxidised, in all cases it can readily be ascertained whether an oil 
■corresponds with a given sample. 

This reaction ought to draw the attention of practical men, be- 
cause samples are often met with which, although equally genuine, 
take longer time to dry. Now, the precipitated lead test, it is 
claimed, indicates the difference in duration of the time taken by the 
oil for complete oxidation, and thus predicts beforehand the way in 
which any given oil will dry when applied to an appropriate surface 
on the large scale. 

Process . — One gramme or thereabouts of the precipitated lead is 
weighed in a tared watch glass, then 0*5 gramme of oil is spotted 
upon it drop by drop, spacing out the drops that a little dry lead 
rests between each of them. At the end of 2 days the following re- 
sults were noted in regard to oils in column 1. The oils in column 
II. showed no results during the first 2 days. The figures in the 
column are the increase after a week : — 


I. Oil. 

1 

II. Oil. 1 

Linseed . . . 14*3 

„ fatty acids . ' 11-0 

Walnut. ... 1 7*9 

Poppy-seed ... 1 6*8 

Cotton-seed ... 1 6*9 

Beech-nut . . . : 4*3 

, I* 

Colza .... 2*9 

Sesamum . . . 2*4 

Earth-nut . . . ‘ 1*8 

Hape . . . . ! 2*9 

Olivo . . . . i 1*7 


' . • 

Livache’s method is described in all textbooks with multifarious 

proofs. However, there can be no room for doubt that it is far from 
reliable ; moreover, according to circumstances it gives very variable 
results. This was pointed out as far back as 1888 by A. Cheneorier, 
whereupon Livache replied that the method only gave correct and 
^mparative results by strict adherence to the instructions. 

# Jean has tested Livache’s method with fish oils in dry air under 
bell jar with H 2 SO 4 , with the following results ; — 




- ‘v' 'k 



Oil. 

Increase in 
Weight, 
per Cent. 

ou. 

Increase in 
Weight, 
per Cent. 

Whale .... 

8-26 

Menhaden . 

6*45 

Japanese fish 

8-19 

Sperm .... 

1*63 

Cod-liver 

6-88 



Lippert found for linseed, by Livaohe’s method, higher oxygen 
numbers than given by Livache himself, viz. for fresh raw oil 17 to 
18, in one case 19, for aged oil 15 to 16. 

Weger tested Livache's method against the same oil on a glass 
slab by itself, and also on a glass slab with both red lead and litharge 
as driers respectively. He found that the amount of lead in Livache’s 
method must be increased in order to get a sharp maximum. 


" 

Increase in 

Insoluble 

Soluble 




Fatty Acids. 

Fatty Acids. 


Oils 







Final State of the Sample after 








2 Years. 


After 1 

After 2 

After 1 

After 2 

After 1 

After 2! 


Year. 

Years. 

Year. 

Years. 

Year. 

Years.! 

Drtino— 








Linseed 

10*3 

7*0 

44*3 

38*2 

40*9 

60*2 

At first dry, becomes slightly 








viscous. 

Walnut 

9*4 

7*6 

44*8 

45*4 

40*0 

37*6 

At first dry, becomes slightly 








viscous. 

Poppy-seed 

8*0 

6*3 

51*4 

44*4 

83*0 

42*3 

At first dry, liquifies perceptibly. 

Ootton-seed 

6*3 

4*6 

61*7 

57*6 

30*9 

31*9 

»» »♦ »» >> 

Beech 

6*1 

6*0 

64*4 

65*2 

25*6 

39*1 

„ „ sticks to the finger. 

ffON-DRYINQ-j 








Colza . 

6*0 

5*3 

76*7 

69*1 

25*6 

26*1 

Solidified, transparent, sticks to 








the finger. 

Sesamum . 

6*2 

4*8 

76*8 

68*7 

22*2 

26*0 

Solidified, transparent, sticks to 








the finger. 

,B5arth-nut . 

5*7 

5*6 

72*5 

66*6 

24*5 

29*7 

Very thick, but remains viscous. 

^Eape-seed . 

5*8 

6*4 

77*2 1 

76*8 

15*6 

19*4 

Solidified, transparent, sticks to 




i 




the finger. 

Olive . 

6*3 

6*7 

78*1 I 

! 

66*2 

16*6 

28*9 

Very thick, but remains visoouft 


^ Conclusions. — A. The oxygen acting on the drying oils, trans 

forming them rapidly into solid products, or on the non-drying oils 
‘ slowly turning them rancid, converts a part of the insoluble fatti 
acids into soluble acids. In the course of time this transformation 
of which the extent is proportional to the drying capacity of th< 
^ particular oil, increases in a continuous way, and the fatty acids afte] 
oxidation are changed into homologous acids of lower atomic weight 
I B. After two years non-drying oils approached very perceptibly 
the appearance and composition of drying oils after a single year 



This action is relatively slow under the conditions of the preceding t 
experiments, but the same result would probably be obtained more 
rapidly if the non-drying oils were placed under conditions in which 
they could absorb oxygen more rapidly. In certaip cases these oils 
are then converted into solid products. 

Bishop's Silica and Eosinate of Manganese Test. — 1. Ten grammes 
of oil are weighed in a capsule, and 2 grammes exactly of manganese 
rosinate added. The capsule is put into the water-bath, stirnng it 
from time to time until the complete solution of the rosinate, from 
5 to 10 minutes being sufficient for this. It is then cooled. 

2. One gramme of silica is weighed in a flat-hottom capsule with 
a little glass stirrer. By aid of a dropping tube, a quantity of oil, as 
near as possible approaching 1*02 grammes (i.e. 1 gramme of oil 
plus 0*02 of rosinate), is let fall drop by drop over the whole surf^. 
Both the weight of oil and total weight are noted. The oil is mixed 
with the silica by the stirrer, so as to have a divided mass, perfectly 
homogeneous, covering the whole bottom of the capsule. This is left at 
17® to 25® C. in the case of drying oils, at 20® to 30® C. for non-drying, 
and weighed after varying periods ; e.g. 6 hours, 16 hours, 22 hours, 
i.e. 3 times in 24 hours. After each weighing the surface is 
renewed by agitation with the stirrer. The degree of oxidation is 
furnished by the maximum increase multiplied by 100 when 1*02 
grammes weighed exactly is used. Using pure linseed oil and the 
same oil with 2 and 4 per cent, of rosinate the following were the re- 
sults. The linseed oil had a specific gravity of 0*9322 at 15® C., and 
the temperature ranged throughout from 20® to 25° C. 


Increase per Cent, 
at the end of 

J{o Drier 

Added. 

6 hours 

0 

22 „ 

0*60 

24 „ 

0*80 

30 „ 

2*60 

48 „ 

7*30 

72 „ 

15*00 

96 „ 

16*40 

120 „ 

15*30 

144 „ 

• 14*90 

168 „ 

* . 14*80 

288 „ 

14*00 


2 per Cent, of 
Roeinato Added. 


12*35 

15*65 

15*85 

16*25 

15*65 

14*65 

16*16 

14*05 

13*76 

13*36 

18*25 


4 per Cent, of 
Rosinate Added. 


11*10 
16*50 
16*30 
16*80 
14*90 
14*10 
13*60 
13*20 
13*20 
13*20 
13*10 , 


These experiments decisively showed the energetic action of man 
ganese rosinate as drier, as this salt produced the total oxidation o 
the oil 3 or 4 times as quickly as in operating with simply dmd^ oil 
It also confirms thq conclusions of Cloez and Mulder, Bauer 
^Hazura and Livache on the formation not only of solid products bu 
^also of volatile products. U the oxidation is too strong, as when - 
|per ient. of rosinate was added, a final result is obtained very muol 
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more quickly and at the same time a feebler absorption, this being 
explained by the formation of a higher proportion of volatile products. 
In the experiments that follow, therefore, 2 per cent, of rosinate was 
used : — 


TABLE SHOWING THE EFFECT ON DRYING OF FILMS OF LINSEED 
OIL TREATED WITH 2 PER CENT. OF ROSINATE OF MANGANESE. 




Linseed Oil Containing 5 

IncroaHo per Cent, at 
the bud of 

Pure Liusepil Oil. 
S|)ecitlc Gravity 0‘9322, 
Teniix^rature to 23“ C. 

per Cent, of Rosm Oil 
and 5 per Cent, of 
Mineral Oil. 

Spt'ciHc Gravity 0-9323. 
Temperature 17“ to 23“ C. 



C hours 

13-50 

11*50 

22 

10-30 

14-80 

24 ,. 

16-40 

14-00 

30 „ 

10-20 

14-80 

48 

16-00 

14 00 

120 „ 

14-80 

13-80 


The influence of temperature is very great, and it is well with 
linseed oils not to exceed 28° C., but above 17° C., so as to effect the 
oxidation as quickly as possible. The experiments showed also the 
inferiority of exotic linseed oils of a low specific gravity, and also 
showed that it is possible to establish by comparison the inferior 
quality due to clever adulteration. 


TABLE SHOWING THE OXYGEN ABSORBED ON DRYING OF FILMS 
OP VARIOUS OILS treated WITH ROSINATE OF MANGANESE. 


Oils. 

Specific 

Gravity. 

Average Degree 
of Maximum 
Oxidation, 

Ratio 

17 05 

French linseed .... 

0-9827 

17-05 


Linseed from La Plata 

0-9304 

15*20 

1-12 

Hemp-seed 

0-9287 

14-40 

1-18 

French poppy-seed . 

0-924 

14-20 

1-20 

Commercifiil walnut . 

0-924 

9-70 

123 

Demargarinated ootton-seed 

0-923 

8-46 

1-80 

Non-demargariuated ootton-seed 

0-924 

8-60 

1-98 

Senegal sesamum 

0-9216 

8-70 

1-96 

Indian „ ... 

0‘921 

7*40 

2-30 

African earth-nut . . i 

0-916 

670 

2*64 

White „ ... 

0-916 

6-60 

2-62 

French colza .... 

0-9142 

6-40 

2*66 

Indian „ .... 

0-9137 

6-85 

2-91 

Olive 

0-9155 

6-30 

3*21 


Bishop claimed that the degree of oxidation can therefore be used "v 
to control the iodine number, and that in many circumstances it was | 
even capable of replacing it. In fact, he adds, in addition to its great 
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simplicity and the minimum cost of carrying it out, which makes it* 
very practical method for the industrial laboratory, this method fur- 
nishes very often a more ratiomil and mm> complete mdwal ion than 
the HM number, as it permits many minor interesting details to be 
noticed. In consequence, this process serves to fix the value and 
establish the nature of the identity of an oil, whether taken separate!) 
nr compared with a typo. Moreover, it may be applied ® 

of certain mixtures, not only of oils among themselves, but also ol 
eomineroial products, such as lard and alimentary fats, which often 

contain very variable quantities of vegetable oils. ““f; 

instead of oxidising directly either the melted and clarified fat or the 
fluid part extracted by pressure, the liquid tatty acids may be opera ed 
upon, separated from the solid acids by Halphen a process. The o 1 s 
saponified, the soap dissolved in water, and precipitated with acetate 
of lead. The lead soap is extracted with ether, and the etheroa 
solution of the lead salts of the non-saturated fatty acids is precipi- 
tated with weak sulphuric acid. Indications still more interesting 
and more precise are obtained by taking the iodine value before and 
after oxidation. The determination of the degree of oxidation gives 
results in immediate connection with the value of the oils for certain 
of their industrial purposes, and, as has been shown, certain' falsilioa- 
tioiis can be detected by the process. Moreover, it will show whether 
recently crushed or old tanked oil is being dealt with. 


TABLE .SHOWING WEGEIVS EXPERIMENTS IN 

OIL FILMS BY LIVACHE’S ME'rilOI), AND AI.SO AS MADE INTO 
PAINTS WITH LITHARGE AND RED LEAD RESPECT! VEIA. 



- 


Ketl I>oad Paint Film. 

Litharge Paint Filin. 




'I'he same Oil with 6*6 

Tlie same Oil with 10*4 

By Livache’s Method. 


Grammes of Red Lead 

Grammes of Litharge 

Increase in Weight. 

The same Oil 
Spread on a 

tt» 0*3188 Gramme 
of Linseed Oil. 

to 0*4910 Gramme 
of Linseed Oil. 



Glass Slab. 



— - - - - 

, 


Days. 

Increase 
per Cent. 


Days. 

Increase 
per Cent. 

i 

Days, j 

j 

I ncrease 
per Cent. 

1 

11*4 

Gave a 

1 

2*10 

1 

2*00 

2 

3 

12-2 

12*4 

Maximum of 

2 

11*30 

2 

11*30^ 

4 

6 

12-6 

17*1 

3 

14*14 

3 

13*64 

6 

7 

12-9 

on a 

4 

14*66 

4 

14*32 

8 

: 16 

13*5 

14*8 

Glass Slab in 

6 

14*59 

6 

14*27 

i 42 

1 63 

17*2 

18*1 

5 to 6 Days. 

7 

14*05 

7 

1 14*21 

^ 85 

20*4 





1 

j — 
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W6g6f found viic iviiuwiuf^ u&j^ou auourpi»iuu tkuuiiiiun figUFOS :~>- 

TABLE SHOWING WEGEB’S EXPERIMENTS IN TESTING DRYING 
OF RAW AND BOILED OIL FILMS WITH THEIR OXYGEN 
ABSORPTION FIGURES. 


Oil. 

Days. 

Maximum 
Increase, 
per Cent. 

Oil. 

Days. 

Maximum 
Increase, 
per Cent. 

Rape-seed 

7 

7-6 

Electro boiled 

li-2 

16*1-16*7 

Olivo 

20 

5-2 

Commercial boiled 



Pine-seed 

29 

10*6 

(Hydrated oxide 



Palm kernel . 

18 

0-8 

of manganese) . 

1-2 

14*744*8 

Air-blown rape . . 

15 

7-7 

Commercial boiled 



Hemp . 

4-4* 

13-4-13'6 

(litharge) . 

16-24 

14*61-14*8 

Poppy- seed . 

H 

13-4 


hours 


Wood (various) 

3-9 

13-4-15-9 

Boiled linseed pre- 



Indian linseed 

4i-6 

16*8-1 7-3 

pared with 3 per 



Commercial lin- 



cent, of rosinate 



seed 

4**8 

17-18*7 

of manganese in 



English linseed 

H 

19*7-19*9 

the cold 

24 hrs. 

14*7-16 

Old tanked linseed 

3 

16*1-16*7 




Indian linseed 



Boiled linseed pre- 



(heated for a short 



pared with 3 per 



time at 160® 0.) . 

G 

17*0 

cent, of lead man- 



Indian linseed 



ganese rosinate in 



blown (cold) 

8 

16*7 

the cold 

— 

17*2 

Indian linseed 



The same after 18 



blown (hot) . 

6i-6.i 

8*2-9-3 

months’ exposure 



Stand . 

18 

11*1 

to the air 

— 

10*9 

Tliiokenod 

18 

10*7 

Boiled rosin oil 

n 

1 

•23*3 


Weger thus found Livache’s method defective. The lead powder 
increased in weight of itself, therefore this method is unreliable. 
Moreover, the amount of lead powder prescribed by Livache — ten 
times the quantity of drier to oil— must be taken ; hence 0*2 gramme 
of oil requires 2 grammes Pb, Again the method is not proof 
against atmospheric influence, and the weight is not constant for 
weeks. Yet Livache considered the reaction ended, remained con- 
stant once or twice. Between 2 and 20 days the increase in weight 
48 less that 1 per cent., but the weight increases later on. The fol- 
lowing table shows the oxygen numbers obtained by Weger : — 


Increase in Weight. 

English 
Linsi^ Oil. 

Paint 

linseed Oil. 

Indian 
Linseed Oil. 

Varnish Oil. 

1 day . 

13*7 

11*6 

11*4 

. 12*3 

2 days . 

14*1 

11*9 

12*2 

18*0 

10 . . . 

16*0 

12*8 

13*8 

14*0 

68 

18*9 

17*3 

18*1 

18*3 

. 86 „ . 

21*3 ■ 

20i2 

20*4 

20*7 





Weger tried to replace lead powder by other substances, litharge „ 
tnd red lead. 

pablb showing the oxygen carrying capacity of various 

FINELY DIVIDED SURFACES. 


Oxygen No. 



Painters’ 
linseed Oil 
Alone. 


0- 9 

1- 3 
0-7 


pRintera' 

Linseed Oil 
on 

Copper. 

Painters* 
Unsoetl Oil 
on 

Braiittstein. 

Painters’ 
Linseed Oil t 
on j 

Sea-sand. | 

Flanders' 
Linseed Oil 
on 

Sea-sand. 

9-8 

9*4 

..3 ! 

1-7 

18*0 

11*8 

1*9 

1*4 

18*3 

IM 

0*2 

0*3 

17*4 

— 


1 

Livache’s method. 

He took, according to 


original instructions, i gramme oi ie»u ^ - 

grLme of linseed oil. In 24 hours he obtained an oxygon number 
of 13-9, in 51 hours 15-5. He tested a great number -of products, 
zinc dust, chalk, borax, lead chromate, lead peroxide, oxide of iron, 
powdered wood charcoal, coal dust. They gave almost none or a 
very slight increase in weight. Copper oxide after 1 day. 2-2 . after 
5 days 13-5. Potassium permanganate, after 1 day, 10-4 , after 2 
days, 11-7 : after 5 days, 121. After a longer peri^ 
ate itself changed in weight. Barium peroxide after 24. 48, 5b 72 
Vimirfl 14-2 14*7 14-6. MangAnese borate (left in air until oi 
c^nstknt Urght)! 1. k 4, 7 days.Vs, 1P5, 1P6 12-3. Platinum 
black after 1, 2, 4, 6, 7 days, 6-3, 11-2, 13-5, 14 3, 16 0. 

1 dav 15-2 ; 2 days, 14-4. ' Lead powder in an atmosphere of oxygen 
^;7;o higher rLlts than in air. in 66 hours 16-9 of which 1;6 
must be deducted for a blank test. Lead powder and linseed oil in 
an atmosphere of CO, gave only a slight change m weight. Ozonised 
air save a perceptible acceleration in one experiment after J hour, 10 4o > 
however, lead itself increased in weight. It is well known m 
Livache’s method the lead acts as a carrier of oxygen to the oi , 
whilst it is also evident that other substances do not possess this 
property even when finely divided, yet the carrying of oxygen 
of tZ air is in the ordinary Livache process very circumscribed, bu 
better results are obtained when the air has access to the oil on.a U 
sides. This principle seems first to have been recognised by A. Vogel. 
He drenched cotton-wool with olive oil, and hung the cotton- wool so 
■treated in the air, and found in three months an oxygen f «orption 
' Of 3 7. Fahribn used pieces of chamois leather, which ^ 

'‘with a weighed quantity of oil and hung up in the 
;i;Mghly hygroscopic nature 

sistermination of its moisture content and also that of the air. This 
feefecl is onlv partially remedied by a blank experiment. The m- 



:26a " ttis OF VAtlKISOTS; 

crease in weight after 6 weeks was 11*6 per cent, for lini , 

giving an oxygen number of similar magnitude to Muldfer’s. Again 
Mulder emphasises the defect of too thick films, and urges that only 
small amounts of oil should he used in testing. Yet freelinoleic acid 
even |in thick layers, gives higher numbers. In a porcelain basin, 
tared with a glass rod, 3 grammes of cotton- wool were soaked with 
9 grammes linoleic acid, and with occasional turning over, left in the 
air. The maximum increase in weight, in 8 days was 13*3 per 
cent. Bteenberg used filter paper to subdivide the oil ; 0‘9 gramme 
of boiled oil were distributed over a piece 13 cm. long and 11 cm. 
broad, say 6 to 7 milligrammes per square cm. ; the paper was rolled 
up and left in a test glass on foot, protected from dust under a large 
cork>8toppered beaker glass. The increase in weight was determined 
daily. Stoenberg made no experiments with pure raw oil. In his 
boiled oil research, extending over a week, he found oxygen numbers 
of over 18. However, in a test with linoleic acid separated from 
soap, therefore partly oxidised, there were found after 1 day, 0 ; after 
3 days, 13*2 ; and after 5 days, 15*7 per cent, increase in weight. It 
is not to be denied that the above method does not meet the practical 
requirements, where linseed oil is mixed with pigments in a thin 
layer spread over a surface, and under the influence of the oxygen of 
the air hardens only on one side. 

This method of working w*as correctly known as plate tests, and 
their chief fault, according to Mulder, was that the film was too thick, 
yet no one tried to use Mulder’s method with thinner films. Experi- 
ments in this direction were begun by Weger in 1897, but w&e held 
over by a publication of Weger. The latter used tin plates, 18 centi- 
metres long by 10 centimetres broad, weighing 56 grammes. More- 
over, 1 centimetre round the plate was left free, the remaining surface 
was coated with oil, and the plate with oil-free border placed at an 
angle of 30° for about 10 minutes. The excess of oil collecting at the 
bottom is removed by bibulous paper and the border carefully cleaned. 
Then the plate with the oil-free border is placed on the balance and 
rapidly weighed. The oil, which has been previously removed from 
the other side, may during weighing flow back ; absolute uniformity 
of the oil film is never attainable. The plate must be carefully 
cleaned for the test. It must be free from dust, to prevent flaws in 
the coat, and cracking. The tin plate method requires a room with 
a uniform temperature, and the plate is protected from dust in a 
glass case with ventilation holes. The gross weight of the plate is 
doubtful, so it must be weighed very exactly. On this account, 
Weger selected aluminium plates. They had the benefit of aluminium 
weighing but little, 3*5 to 5 grammes, but losing greatly on washing , 
with lye. Finally, Lippert chose glass plates only 2 millimetres 
thick and 2*5 to 3*5 grammes in weight. He reckoned that tho 
oxygen number was influenced by temperature and other cirpum^ 
stances, and that the method is unfit for comparative tests. The^-! 



TIME OT DBTING AND CHEMISTBT OF DBYING FBO^BSS. " 


,hief critical point is, finally, the moment of the greatest increase in 
weieht This moment is generally termed the drymg-pomt. Lippeit 
made many tests on boiled oil and obtained oxygen numbers up to 
19 If these tests are interesting the fact remains that the lowei 
layer was uninfluenced. But these were much thinner. Mulder 
prescribed 0-7 and 1-2 per sq. centimetre. Lippert in his last re- 
Larch, used pure raw linseed oil, which gave the following oxygon 
numbers ; — 


1 day 

2 days 
8 

4 

5 
G 

7 

8 


0 

0-6 

1*8 

IG 

12-G dry 
14*4 

15- 4 

16- 4 


After 8 days the weight decreased. In this test the dryiiig-pomt 
occurred long before the maximum increase m weight. « 

plates. He attained greater orientation in his 

found greater increase. A paint oil on a glass plate gave the follow- 
ing increases : — 


AfJor 24 hours 
„ 3 days 

5 „ 

V M 

9 » 


Per Cent. 

. 7-0 

. 14-9 
. 19‘0 dry 
. 20-6 
. 20G 


Weger tried to replace glass slabs by lighter material. Gelatine 
paper, felluloid, hard gum, were quite unsuitable. ^ 

was less faulty, but the thickness of the coat was not uniform, and 
the result inaccurate. Mica plates behaved well, but were readily 
damaged. Weger therefore went back to glass plates ; their weigh 
was about 25 grammes, the measurement of the coated ^ 

80 sq. centimetres, the weight 25 to 70 

0-9 on an average 0-4 to 0-6, milligrammes per sq. centimetre. Henc 
0 1 mUuLmmf more or less on 0-4 to 0-14 per cent, of the used o 
^pLl L itself, therefore a good balance « ^ 

tUngs. Any trace of dust is to be avoided, and the plate m^ust b 
scrupulously clean ; when it is not left long enough in the balano 
^^^rs^may .;ccur in weighing, also if before weighing it b 

.h. •< ^ * 

we^er gives a different increase m weight from bright wan 
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Weather; the i.ne lemperarare me Jess is me increase i 

weight, although more volatile matter escapes. The longer an o 
takes to dry, the greater is the necessity to repeat the test. Th 
chief difficulty rests in the fact that the correct maximum increase i 
weight has to be guessed. Sometimes it happens that the correc 
increase in weight remains constant for 12 hours or for several dayi 
In other cases, a very rapid increase in weight occurs. Chernies 
equilibrium, according to Mulder, is attained by this end ; increas 
is generally never attained until the change in weight shows n 
more true increase in weight. The hard drying of the film~tha 
18 , the moment when it resists a strong pressure of the fingers— is, wit! 
the maximum weight, spoken of as the drying of the film which Ugh 
pressure with the finger no longer affects | to 1 day earlier. By ban 
drying Weger means, however, the outer half of the film. Wege 
concluded that the average oxygen absorption number of linseed oi 
was 18 per cent., and that seems correct, as Mulder found 17*1 anc 
18 1. Weger expressed the result of the drying process graphically 
the time formed « the abscissae, the increase in weight, the ordinates 
The experiment with Indian linseed oil gave 



All these curves at first form a gradual, then long continuous rapid 
rise, then a gradual maximum, a longer or shorter stay at this 
height, then a seemingly abrupt fall, and in the end a continuous 
alow fall. 

Weger found lower figures than Mulder, but at 18 ® filtration 
linoleio acid still contained solid fatty acids, whilst Mulder’s was 
prepared by the Warrentrapp method, or long cooling of the alcoholic ! 
jolution, freed from fatty acids. Finally, Weger subjected linoleio 
bcid without treatment to oxygen absorption and thus prevented any * 
partial autoxydation. ^ ' 



’ TABLE SHOWING ■nffi OXyGBli ABSORPTION OP THE MIXED ^ 

»./ . rrTvTOTNCtT^ I^TT. 


— - 


The same Linoleic Acid 

Oxygen Absorption. 

Commercial linoleic Acid. 

Filtered at 18® C. from the 
Solid Remainder. 

1 day 

1^ days . 

2 „ ... 

? : 

9-6 

10*9 

14-6 

15*2 

11*6 

14*4 

4i !, 



11*9 

13-0 

1 15*6 

D |. ... 

14-0 

— 

... 

14-4 

— 

? :: ; : : 

15 „ . . 

14-4 

13-4 

— 

21 „ ... 

13*4 

15*6 

25 „ ... 


16-6 

29 

48 „ ... 

13-6 

12*8 

60 „ ... 




Driers — Weger’s assertion that manganese and lead alone acted 
as driers, was extended by Meister to all metals, but especially to the 
two first, and cobalt driers after 50 years have again come 'n*o use- 
Again a certain metal content gives a maximum result, and these 
maxima are with different metals proportional to their molecular 
weight. He tested 17 metals in that way; the precipitated rosinato 
was prepared, and 2 per cent, of the dried preparation ^ 

■ Three months- old La^ Plata oil at ISO' C. (302» F.) and the boiW 
•oils so obtained were tested on glass slabs for their oxypn absorp- 
tion in 12 hours and time of drying. The results gave the following 
grouping 

-TARTTi' SHOWING FOB THE METALS WHOSE SYMBOLS ARE GIVEN 
^^■ThE mXoF DBySTgIN HOURS, AND ™E raBOKNTAOB OP . 
oxYflEN BY WEIGHT ABSORBED IN 12 HOURS BY 
lTnSbTd oIl TONTAINING IN SOLUTION 2 PER CENT. OP THE : 

' respective metallic rosinates* 


HetaL 

Time of 
Drying, 
Honn. 

Absormtion 
per Cent, 
by Weight 

MeUl 

Time of 
Drying, 
Honrs. 

Absorptioii 
per Cent, 
by Weight 

■ 

Mn. 

Pb . 

Zn . 

Ca . 

^Oo . . 

Ou . 

Pe * ■ 

,Sr . V 

to#--.,- ; • 

12 

26 

30 

82 1 
86 

46 

60 

76 

76 

17*4 

9*4 

65 

6*0 

6*9 

4*9 

4*1 

2-9 

. ; 4*7 ' 

Ni 

Al 

Mg 

Ba 

. Sn 

Cr 

Hg 

Bl 

B%wOU 

T 77 

76 

85 

86 

87 

96 

116 

U7 
' 121 

8*1 

4*7 

2*8 

2*4 

2*6 

2*0 

1*7 

1*8 

0*98 ; 




THE irfAiftTPACTtiKB OF VABOT6WB8. 

The results with Hg and Bi are not quite reliable, as during solu- 
tion of the mercury-rosinate a portion of the mercury was volatilised, 
and much bismuth-rosinate did not dissolve completely in the oil.. 
The driers with (a) lime and (/;) zinc rosinates are the most interest- 
ing, as both these bodies, first by Chevreul, ^nd then by Mulder, and 
latterly by Weger, were denounced as driers. Attempts to use fused 
prdkipitated zinc-rosinate prove it most intractable. 

Comparative Increase in Weight due to Oxygeyi Absorption of 
(a) Linoleic Acid vnthout a Drier, (b) with Drier. — More recently 
Fahrion made two parallel experiments, one with linoleic acid pure 
and simple, the other with linoleic acid in which a certain percentage 
of lead linoleate was dissolved, so that the lead content equalled 1 per 
cent. Pb. In two porcelain basins, tared with a glass rod, 3 grammes 
of cotton- wool were saturated with about 9 grammes of linoleic acid, 
and allowed to stand at summer temperature. The basins were 
weighed daily at the same time, with the following results : — 


TABLE SltOWING INCREASE IN WEIGHT 1>URIN(} DRYING OF (a> 
LINOLEIC ACID ALONE. (6) LINOLEIC ACID CONTAINING 1 PER 
CENT. Pb. 



Without Drier. 

With Drier. 

Weight of the linoleic acid . 

Graiume.s. 

8-877 

Per Cont. 

Gramnie-s. 

9-278 

Per Cent. 

1 day increase in weight 

0-012 

0-1 

0-119 

1-8 

2 days „ „ . . 

0-048 

0-6 

0-619 

5-1 

8 u ,1 M . . 

0-282 

3*2 

0-966 

10-3 

^ ». • « 

0-694 

7-8 

1-233 

13-3 

6 

0*879 

9-9 

1-366 

14-6 

c 

1-006 

12-0 

1-416 

16-8 

7 p It tt 

i 1-160 

13-1 

1-416 

15-3 

8 „ „ „ . . 

: 1-181 

13-3 

— 



^ »» tt . • • 

1-161 

13-1 

— 



Ethylic “ linoleate,” the combination of the ethylic esters of the 
fatty acids of linseed oil, prepared by partial saponification, was 
tested for its oxygen absorption, using aluminium plates. The fol- 
lowing results were obtained : — 

TABLE SHOWING COMPARISON OP OXYGEN ABSORPTION OP LIN 
SEED OIL AND OP ETHYL LINOLEATE MADE THEREPROM. 


Oxygen Number, 

Linseed Oil, 

Ethyl Linpleate. 

After 1 day . 

0-8 

2-0 

„ 2 days . 

2-7 

3*7 

,t 3 . . . 

7-6 

6-2 

M 4 

13-6 

9-0 

t, 5 . . . 

16-3 

10-8 

6 . . . 

16-65 

12*4 

7 „ . . . 

Deoreaae 

13-6 

„ 8 . . . 

— ' 

13-6 

»» 8 „ . . » 

— < 

Decrease 




Ad a sequel to lorries* work, Geuthe started a series of research^? 
to estimate the true oxygen number. Discarding plate tests, he 
always used a known thickness of film. In spite of this Genthe 
never appears to have differentiated Ixitween the true and the ap- 
parent oxygen number. His experiment was as follows : A piece of 
filter paper 10 centimetres wide, 30 centimetres long, was folded 
and bound together by glass and india-rubber bands. The diffusing 
distributor so obtained was coated with linseed oil, 0“300 gramme, 
therefore 1 milligram per sq. centimetre, and laid in a flask of 1200 
cubic centimetres capacity with aluminium hydrate, hung from hook 
attached to the stopper. The volatile decomposition products were 
absorbed by solid KHO or by asbestos-divided caustic potash lye. 
A monometer passed through the perforated stopper and paraffin oil 
used as indicating fluid. In a second flask a ))lank experiments 
was conducted without paraffin oil. The reaction was represented 



graphically, the time as abscissoi, and the cubic centimetre of paraffin 
oil as ordinates. The cuives assumed the S form. At the close of 
the reaction there was always a long but uniform oxygen absorption, 
then the cuiwe finally passes into a straight line. Instead of air, 
oxygen was used, so that the reaction was hastened only to a 
small extent. By covering the flask, in broad daylight, with black 
paper, the reaction first started in 18 to 20 days, and ended in 50 
days. * 

A similar experiment was made without using potash and gave a 
corresponding result, only the ordinates were 10 per cent, smaller. • It 
must not be forgotten, therefore, that the true oxygen number is 
only 10 per cent, higher than the apparent. Of the substances, 
volatile at the ordinary temperature, only COg entered into Genthe's 
^experimental results, and many of these, in Mulder’s experiments, 
formed one-fifth to one-sixth of the total volatile substances. 

In broad daylight the reaction sets in well by the second day 
||td lasts 8 to 10 days, sometimes more ; under the circumstance 
^ the experiment 3 to 7 days; readings were taken morning and 

r VOL* I. 18 





^ jSe found on an average for the true oxygen number 


, 22*6 
. 25’8 
. 26-6 
. 84-7 


In diffused 4ayligliit 

In XJviol light at ordinary temperafcure . 

„ at 95*^ air 

„ at98®0 . . ‘ ’ 

It has been seen that Weger calculated the 7^'“ 

ordinary li«ht found the apparent oxygen number as 1». 
^rrcent over-estimated" Genthe himself s the gr^t 

difference and that the oxygen numbers of 
comparative matters. It becomes 

the ororation is conducted and how the course of the S ou,ve receives 
the st^ight line of the combustion curve. Genthe’s 
are appr^ohed by Weger’s. In these three experiments the 
'sufistance and td caustic potash as a solution in asbestos in sm 
basins intervened. 


— 

I. 

n. 

III. 





— 

— 

Increased weight of linseed oil . • • • 

„ „ KHO 

Total . . 

0063 
0048 
O'iOl ' 

i 0061 
0*088 
O'® 

0 056 
0042 
0*097" 

lIYeight of the oxygen calculated from the volume 

* — . — — 

0099 

0*090 

0098 


The agreement between the two hrst experimems « e- 
and showf the proper working of the Genthe teste As during th. 

- r\^Qf\r\ nf lintiAAd Oil WftS tftK6r 




I. 

17-7 

88*7 


II. in. 

17-0 18*8 

29*7 82‘8 


from* the 

Apparent oxygen number 
True - 

The aareement of the apparent 0 number with the average mg^ 



giassi.tuod over a nitn ot anaeea on ana leaa m powder suid f 
found the maximum increase in weight to be 14 per cent. However, 
Molinare and Soncini found a greater increase in weight, viz. 30 per 
cent., as the result of passing ozonised air into linseed oil direct. On 
condition that all the double links were saturated by the ozone molecule, 
they calculated for the iodine value of 171 the ozone value of the same 
linseed oil as 32*3. G. Fenaroli estimates the ozone value of linseed 
oil thus : He dissolves the oil in petroleum ether and transfers the 
solution into a Liebig's potash bulb, and then passes a stream of 
ozonised air or oxygen at the rate of 180 bubbles per minute at a 
temperature not exceeding 40® C. until saturated. In this way he 
found the ozone value of 34. Harries suggested 0^ instead of O 3 , 
and the formation of a double bond. On the other hand, the energetic 
oxidation of ozone cannot very well be accepted, as no volatile pro- 
ducts are formed in the reaction in question, and there is nothing to, 
show that the ozone is not absorbed as ordinary oxygen. On this 
point only the analysis of the ozonides and the oxyacids can throw 
any light. 

2'ke Chemistry of the lleactions that Occur During the Drying of 
Linseed Oi/.— Mulder’s work long remained practically unknown. 

Linoxin . — It was known that dried oil did not melt on heating, but 
charred, that it was then only very partially soluble in ether (15 per 
cent. Schubarth), and that it dissolved in caustic potash lye. Mulder 
examined the subject by the aid of coatings on tin plates or on glass 
plates ; after being left 3 to 4 months in the air, the dried sJiin was 
exhausted with other which dissolved out the under lave)’. 

\ictton of Solvents on Linoxin. Properties of Linoxin — It was 
thereafter, treated with ether, alcohol, and water, and the residue, 
termed linoxin by Mulder, was dried over H^SO^. Mulder obtained 
linoxin as a solid white amorphous mass, more or less elastic like 

leather or gutta-percha, heavier, and insoluble in water, alcohol, and 

ether. It is also insoluble in chloroform and carbon disulphide, 

but swells greatly therein. On digestion with a mixture of alcohol 

and chloroform it passes into solution. In turps it becomes resinous, 

. but does not dissolve. In caustic potash it dissolves with a red colour. 
In ammonia it dissolves on long boiling. 

Action of Heat on Linoxin. Liberation Sf Acrolein . — On heating 
it ip ooloured red and gives off a piercing odour of acrolein, which is* 
due to the combustion of the free linoleic acid, and is not produced 
from the glycerine. The combustion of linoxin (Mulder) gave the 
formula as C 32 H 540 ]j, and on the dry distillation of linseed oil 
linoleic acid anhydride, CgjHg^Og, was obtained, so he regarded' 
linoxin as the oxidation pr<^uot of the anhydride of linoleic addJ 
He assumed that the dried oil (a) first split off the total glycerine^] 
(h) that the solid fatty acids, and (c) the oleic acid remained 
changed, and were dissolved during the treatment of the dried film ^ 
^,oil with ether. About 20 per cent, so di^solveo^ Bnally the Up4i|| 




Lead Linoleate. Its Composition and Properties . — He placed an 
ethereal solution of lead linoleate on a glass plate ; on spontaneous 
evaporation of the ether a white film was obtained, becoming trans- 
parent in a few hours, and drying hard in a day. So as to weigh 
them the films were removed from the glass and dried over HySO^. 
Analysis gave (Ci,.H.>r,0-)yPb. The free linoxic acid, or 

Cg^Hr^yOn,, is differentiated from linoxin only by 1 molecule of water. 
In another experiment lead linoxate was exhausted with ether, 10 per 
cent, dissolved (lead oleate in Mulder’s opinion). The combustion of 
the insoluble lead salts gave for the corresponding acid 
which Mulder described as the anhydride of linoxic acid. 

Jjinoxic Acid . — Free linoxic acid was prepared from the al)Ove 
lead salts by decomposing the salt suspended in alcohol by H„S, 
filtering and precipitating with water as a pure white substance, 
which changes to a colourless resinous mass. The acid can, in no 


circumstances, be crystallised ; on heating it becomes blood-red. On 
treatment with a(iueous KIIO or NaHO, the red coloration appears 
in the cold in white “ linoxic acid,” also dissolves in ammonia, and 


this solution becomes slightly coloured on boiling. The lime salt is 
insoluble in water and melts under 10(f 0. The magnesium salt 
readily dissolves in cold alcohol. The red product was, by Mulder, 
distiugyished from the white as red linoxic acid. 

White. Linoxic Acid . — Another linoxic acid was obtained by the 
autoxidation of free linoleic acid exposed on glass plates for the air to 
act on it, until it showed no further increase in weight. The oxidation 
product was colourless, transparent, tacky, resinous. The oxygen 
absorption number was 17*6 to 19*7. Combustion gave «« 

C 3 .^;^ 50 jy. Mulder believed he had obtained a hydrate of white 
linoxic acid. From the formula he calculated the oxygen absorption 
number of 25*4, from which, deducting for oleic acid, the numbers 
found became 22*6, which he accounted for by a slight oxidation. 

Red Lvtosific Acid . — Mulder states that the above acid loses 6 per , 
cent, of water, on the water-bath becoming blood-red. The combua- 
iion of the red linoxic Ucid so obtained gave C 3 .,HjyOjo. On heating 
at 110® C. this acid gave no water, but on boiling lead linoxate yith 
dilute HCl, red linoxic acid is obtained of the formula 
solid at the ordinary temperature, but soft and readily fusible, in* 
aoluble in water, soluble in alcoh<^ and ether, with a red colour and 


) an acid reaction. Mulder sought for a red linoxic acid which ha 
Ihodld further examine, and thought he obtained it thus. It was 
'mresA on glass in a thin layer, and after frequent treatment with: 
^her placed in the open air 19 days. It was nearly colourless, and 
Wined 6 per cent, in weight, that is about as much as the white 



oomdr-stone of bis theory, obtained red linojcio aeid from lino3Eij|(ii,|5 
;?|6Ee dissolted linoxin in KHO, precipitated the solntion by HC 4 
Itolved the precipitate in alcohol, and dried the residne by evaporatio4;^ 
^ at 100 ® 0 . Combustion gave C^TL^fi^Q. Mulder thought that the , 

' linoxin, under the action of KHO, eliminated water, changing without 
' bye-products into red linoxic acid. He therefore decomposed the 
solution in KHO by dilute H28O4, and distilled the filtrate from a 
retort. The distillate contained only traces of acids, the contents of 
the retort separated' on concentration into red fiocks of linoxic acid, 
leaving on evaporation only K3SO4. 

Mulder Overlooked the Glycerine now Known to be Present in 
. Mulder here overlooked the glycerine which linoxin con* 

tains in considerable amount, and which, in this case, must at least 
partially distil. We know how impossible it is to recognise that 
an anhydrous body such as linoxin could split up on treatment with 
aqueous potash, the contrary is more likely. The conclusion of 
Mulder’s theory is the presumption that White linoxic acid changes 
to linoxin. It is to be observed that the former is tacky and oleo- 
resinous at first ; when it has been months in the air it dries com- 
pletely, and, according to Mulder, it passes by elimination of water 
into linoxin. 

Collectively Mulder believed he had handled not only linoleic acid 
but also the following derivatives therefrom : — * 

Linoleic acid OwHagOg =» 

Linoleic acid anhydride 
Red linoxic acid I. 

11 . =« 

White hnoxio acid » C„HMOig 

Linoxin 

The white and the red linoxic acid have the same composition, but 
a different constitution. To explain the different proportions of water 
such often occurs with resin acids, and above all things, it is not^ 
Evident that an amorphous acid can contain water in various stochio- 
metric proportions. In reality, Mulder's formula is inocrrect, and the| 
,above substances are mixtures pure and simple. ^ 

j Mulder*s Theory of the Splitting-off of dlycerine being the 
^I^Stale in the Drying AcceM.— Mulder concluded that the first pb^el 
[of the drying process is the splitting-off of glycerine. Dried linseed ; 
'bil was shaken up with ether, 31*1 per cent, dissolved, of which 

S r cent, dissolved in water. The substance was amorphous, lEWicfej 
d non-vola^e. It gave a soluble lead and barium salt, and redueedl 
(pehling’s solution when wanned. Mulder r^;arddd it as glyoerip 

CH^OH.CHOH*COOH 

■Imt states that its quantity was somU for such au expsritoeni *^i|| 

^^in 80 lub^e^due,.y^ 



rise in aqn«u8 soda. Solid fatty acids crysti^iae oot of the alt, 

Slutionon cooling. In the air the above ■^*^2ioi?d tL l3 ^ 
KHO did not turn red, proving the absence of hnoleic acid. The 
Mlt was partially soluble in ether. Oleic acid from the decomposition ^ 
gave pure wWte fatty acids crystallisable from . __ 

® Glycmnefir»i SplU-off from OUw Acul » 

Mulder beUeved from the following exporiinent that 

of glycerine begins with the linoleie acid, whilst the ^ 

soUd fatty acids are liberated later. Linse^ oil was left ^^MS 

nlates only long enough for a skin to begin forming. The partially 

Ldised Ibseed oil was shaken up with ethe^ the 

tion was completely insoluble in aqueous soda, whilst the oleic acid 

and the bolid fatty acids abounded in glycerine. 

Jcrvlic Acid.— With warm water the above residue left * 
volatile'^in steam, reducing Pehling’s solution which Mulder described 

“ .»K i. « ^ 

uncrystallisable acid, probably glyceric acid. On . 

experiments Mulder concluded that during the procMS of dry ng 
iindercone bv linseed oil the following changes occurred : 

1. Swdrion Pr2a, of the Liberated 
and icriilk JcWii.— First of all the glycerine is split off and oxidised , 
flwt into glyceric and acrylic acid, and later on, into acetic, formic, and 

Acids lZrl.-The free oleic acid is oxidised to a small 
teJZZ and myristic acids remain completely unchanged, and 
nartiallv render the linoxin softer and greasier. 

^ 3. ke Eliminate of Water and Absorptwn «/ 

Linoleie ictd.-Lastly, the free linoleic acid splits off water, an 

theory agrees at the point where it intersects Mulder yge 
theory agr # 11.1 tia the glyceVine content 01 

absorption number of 11*1. He gave ine AA«t ‘fixisted 

^ p TT o 6*2 ner cent., of which 60 per cent, 

^ »,g.. 

At the present day the ^loulation contains two errors, ,oiM 

Iril AlyL^r,2iS. 

Sewdter of hydration, for ^hi^ fS 

FiluA Stag0 of the 0widahoH of M 

^ /aa hkliniderf ^a iKi^iod 01 , onm®*®** 

lopr 



(ha oxiHation passes inter its swnd stage, not m« 
^Stigated by Mulder. ' He imagines it, however, to proceed thus. 
The oleic, palmitic, and myristic acids are oxidised to volatile sub- 
atances and the remaining coat breaks Up. Lastly the linoxin fob 
lows suit, and is completely volatilised by oxidation and the film 
vanishes completely. 

Bauer and Hazura's Researches Modify Mulder's Theories.— 
Mulder’s theories remained unchallenged for 20 years, until revised 
by Von Bauer and Haxura on the basis of their work on linseed oil 
fatty acids, and by the aid of the methods of fat analysis described 
meanwhile. They then made the following general remarks : — 

The drying of oils consists in the absorption of oxygen and of all 
liquid oils, only the fluid fatty acids of oleic acid are non-drying, so 
it may be stated that the more slowly an oil dries the moi’e oleic acid 
it contains. Finally it is obvious that linolenic and isolinolenic acids, 
which contain six free valencies will absorb more oxygen 
than linoleic acid with only four valencies. An oil will dry better 
therefore the move the acid predominates. Finally an oil 

will naturally dry more slowly the more saturated fatty acids it con- 
tains. It is found in actual pmctice that an oil dries better the 
higher its iodine value. The experimental testing to confirm- 
Mulder's researches provided the following information — that the red 
linoxic acid, prepared from Mulder's lead linoxate, has still an iodine 
value of 6i’4 and is in nowise the end-product of the autoxidation. 
Through free linoleic acid, separated by Warrentrapp's mt^hod, a 
strong current of air was passed. It became a very thick fluid sjII 
showing the iodine numl)er of 38*5. The oxidised oil was acetylated. 
It gave the acetyl No. of 184*0. The oxidised oil was finally exposed 
to the air in a thin layer at 40° C. for 3 weeks. It was still tacky. 
The experiment was carried on at 80° G. for a week. The linoleic acid 
was by this time completely solid and no longer soluble in ether. 
However, it dissolved readily in KHO, and the solution gave, wdth 
H 5 SO 4 a yellow precipitate, which readily dissolved in ether. From 
the above experiments the following conclusions were drawn : — 

1 . The Oxidation of Drying Oils does not Consist in Hatnrating 
the Free Valencies by Oxygen, hut Oxygen is Interpolated Between ; 
C and if, and the Oxidation Fi'odml so Armed which Contains 
ihe ^Icofwlk OH Group. — Hence Mulder in his white linoxic acid 
found a minimum of 61 per cent. C, so it is to be presumed that the - 
bxidation of linolenic acid proceeds so that, first, three oxygen atoms, of ^ 
jfehe three double bonds, are unsatumted and that then two oxygen atoms 
ire absorbed ; for a pentaoxy linolenic acid, 60*4 per cent. 

p is calculated. Between the oxidation of the dried oil acids andy| 
fceir salts there is no demarcation. The above-described behaviour| 
qf linoleic acid, during drying, can only be explained by the formar | 
|on of anhydrides; what shape this formation of anhydrides t$keai 

Ka Kv (LaiW-n'i™ 



of fir Imv^s no solici ^x^ation token 

in the drying process only linoleio acid, CijHijOo, and linolenio aoid, 
C H 0., take part. Further, Bauer and Hasura do not believe that 
it gives "’a red liiioxic acid, resulting from the molecular ap-ega- 
tion of the white, but that by the action of alkalies or high tem- 
pei-atures, a small quantity of the so-called white hnoxic acid 18, 
decomposed, and the decomposition product yields the red colour. 
The preparation and testing of Mulder’s linoxin was prepared accord- 
ing to Mulder’s instructions, dissolved in KHO, and the solution 
vrarmed with H,SO,. The acids so separated were syrupy, but Ml- 
uble in alcohol and ether, and still gave, the iodine numlier ot id' 1. fhe 
filtrate was agitated with ether, neutralised with caustic pstasli, and 
evaporated on the water-bath. The resi.lue was a syrup disseminated 
with crystals of K.SOj. It was shaken with absolute alcohol which 
left behind a thick brown syrup with a peculiar sweetish taste, 
insoluble in ether, readily soluble in water. It was recognised by 
further tests as glyc.nine, it amounted to 6 per cent, of the liuoxin. 
Therefore, liuoxin is not, as Mulder asserted, an acid anhydride, but a 
glyceride, the oxidation of which is incomplete. The glycerine la 
onlv partially split off and oxidised, probably only such as is combmi^ 
witii oleic acid, and solid fatty acids, which in the form of their 
glycerides absorb oxygen. Instead of linoxin Bauer and Hazura 
substitute oxylinolein ; it is known as such, but the name is not 

hmucts of Liiwleic .Ici’d.-Kxperiments on the 
autoxidation product of linoleio acid were not instituted by Bauer 

The Preparation of Oxyacids from Oil Oxidimd by Subdividing 
IMf/iWi.— However, W. Fahriop, has examined this question mom 
closely, as he found a Medium for separating the oxyacids from the 
unoxidised portion in petroleum ether. A linseed oil, oxidised by 
means of a subdividing medium prepared for comparison with a 
polymerised oil but not analysed, was saix)nified, and the mixed acids 
were separated and treated with petroleum ether, ^e oxyacids re- 
mained behind as apparent thin fluid red oils, a combustion of which 
gave the following : — ^ 

^ ELEMENTARY ANALYSIS BYFAHRION, OF OXY AGIOS PREPAB^^O 
BY HIMSELF. 
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0. 
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69*74 

9-84 

90*42 

18; 3-06 j 

j 1 

i Calculation for 

r#’ 

09*68 

1 9*08 

; 20*64 

I , 

[ Id : 800 



S » ““r “ V* "“‘ attack^. 6niy tCedS 

fg .™ „dl ,itt dteytaS b ,? 0 

was only parfciallv snliiKlo ^ ^ i i P' separate acid I. 

‘“'‘oroSL^^&svsiz.’^ 


la. 

l b. . . ’ * 

lift. . . .* ‘ 

Calculated for C^Jh^jO! 


67-44 

65-84 
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69-68 
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9-13 

8*86 

8*36 
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-^ 25-31 18 : 29 

26-96 18 : 29-8 

20-64 18 ; 80 

28-07 18 ; 30 
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,8*P*«nMl»y polymerisation. 

ifeer 8«PM^ted. They were only partially soluble lai 
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H. 
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Number. 

Ether insoluble oxyacids . 

60*69 

7-64 

! 31*77 

18 : 27*2 

39*8 

Mulder’s white linoxlc acid 

61-0 

i 9-8 

! 29*7 ^ 

18:83 

— 

Calculated for Ci^Hs^O, 

1 _ „ 

60-67 

7-87 

j 31*46 

18 : 28 



The ratio of the u to n, m aamuei » pw ^ \ . 

containing abundant hygroscopic water. The figures 
Fahrion are doubtless inverted by a previous splitting off of water. 
Henee the figures pertaining to an anhydro derivative 
C,8H3„08 - H,0 - CisHjsO,, 

80 it is to be concluded that the belief of Hazura ^nd Bauer in a 
pentaoxylinolenic acid, toing the end f 

te wide of "the mark. Moreover, the latter goes far heyond hexalino: 
lenio acid, and therefore the- acids under examination were, “a^celj 
homogeneous, and still absorbed iodine. As will to ® J 

further on, still higher oxidation products are possible. The inOH 
linoleic acid is finely divided, the more readily is its ^to*'^**’®* 
’brought about. This is tost shown by means of cotton W oil wh ch 
accordibg to Hazura and Griizner, contains no linolenio acid.only olei 
and linofeic. Naturally it tokes longer to oxidise than linseed oi 
'it requires a longer time or a higher temperature. In the same waj 
as toseed oil cotton-seed oil was oxidised, and four different ^ 
linoleic acids separated as mbre or less thick dark red oils. Analysei 
gave the following : — ^ 

THE ULTIMATE COMPOSITION OP FOUR DIPPEBENT OXYLINOLEU 

acids from cotton-seed oil. 
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7O'60 

6706 

6409 

6509 


C:H. 


901 I 19 *^ 18 ' 89*6 

lOOO i 2204 18 1 82*2 

9*64 I 2607 18:620 

(r«fi M'W ! 18:815 
10-26 M 40-#l 18:82-0 

■ S40 1 27-91 ,18! 820 


Iodine 

Numb«f. 


410 
65^9 
82’6 
22-1 
8D1 
0 * 


Tto ^afip 0 :H shows that tfidsicyacid I. hadi-r- 

ra«e to tike hi^r tempsratote in the oxidation rt^ ^s. ^ 
toko toitito ratio 3 ! S - 18 : 83i we find.tfiat those to 



ippW Ifetweeil li- an^ k naturally veh 

imttoult from the combustion results and the iodine value of oxj’> 
^liljoleio and oxylinolenic acid to come to any definite conclusioi. 
The theory as to polymerisation and the splitting-off of water la 
dealt with later on. The fact that iodine is still absorbed togethej 
with the combustion results gives rise to the further theory : That thj 
Saturation of each of the double bonds of linolenic and linolic acid il 
accomplished by successive oxygen absorption and that one of th| 
double bonds of linolenic and linolic acids are indifferent to thj 
oxygen of the air, and only affected by polymerisation. The proof o) 
this theory is still wanting. 

Now as various micro-organisms were found in poppy-seed oil, il 
may be that these minute organisms play a certain r6le in the drying 
of the oil. In that respect, R. Kissling showed that heating to 120'^ C 
and the addition of phenol stopped the absorption of oxygen. In re 
gard to the second stage of the process of drying, some ideas of W. F 
Reid are quoted. He placed some linseed oil skins in the air for 2 to t 
years. In that'tirne Reid claimed the liiioxin passed into a thick fiuid 
which Reid termed sujwroxidised linseed oil. It is apparently darl 
coloured, heavier than water, almost completely soluble in alcohol 
very acid, forming with basic colours solid salts. Besides, during th< 
weathering and decay of outdoor paint, it plays a special r6le. Un 
fortunately Reid’s oil skins were evidently only half dry and no usefu 
deduction can i)(j made. 

Henriques experimented on the readily oxidisable ethyl Imoleate 
The great rise in the saponification number during autoxidatioi 
Henriques explained as due to the splitting up of the molecules witl 
formation of smaller molecules of fatty acids. That this splitting uj 
was due to autoxidation he regarded as improbable, owing to thi 
slight increase in the acid number. He ascribes it to saponification 
chiefly on the ground that previously, in the treatment of aro 
matic alcohols, e.g. the cinnamic alcohols, . CH ; CH : CH.pH 
by 8ajK)nification with alcoholic potash, h« had obtained saponificatioi 
numbers. He was then able to isolate from cinnamic alcohol i 
yellow, amorphous resinous mass, which contained benzoic acid ii 
small quantity, but chiefly consisting of aldehyde and ketonic bodies 
Henriques treated l)oth fresh and oxidis^ ethyl linoleate in the warm 
with phenylhydrazin diluted with acidulated water, and agitated thi 
solution with ether. The evaporated residue was in "the first ca» 
H, free, and in the second case nitrogeneous. Henriques concluded tha 
during the autoxidation of the esters, first OH groups were fixed b] 
the double bonds and were then changed into ketone groups, or h 
Splitting off yielded aldehydes. Henriques came to another resul 
with the autoxidation product of abietio amd. This acid is known ^ 
form the principal portion of rosin ; its formula being is a 

^e present *day well established, also that it contains two 
bonds. It is therefore the aromatic analogue of linolic 



h^Ve* ^jiSarty auring ftirtOTiaitiorf, m t», vaonover, atw. 
Xble in petroleLv ether. The petroleum eth^ 
a«id is present in varying amount in rosin itwlf, and Hennqu^ 
•examined it more closely as an ester. He found a 
Lponifioation number, which, in this case, could not be asciibed to 
Tsplitting up of the molecules, as the saponihoation lye from whi^ 
ihe^oxyaofds^eparated showed no increased acid value. He regwdea 
ihe results as speaking more of oxyabietio 

How Henriques has himself shown that uiisaturated alcohols, lik 
£™niol and linalol. behave to alcoholic potash in a much more 
Stable manner than aromatic alcohols, like cinnamic alcohol. The 
Inalogous conclusion an-ived at is. that the 
and oxylinolenic, liehave like the aromatic oxyabietio '‘““I®' 

!the hig’h saponification value is due to the iinspht-off molecules of 

'’"^?n*^the^yerr^^l9b0, C. Kngler published his autoxidation theory 
which he afterwards elalwrated with .1. Weisherg. It consists in the 

■oxygen atoms but of oxygen molecules and the doub c-hnked uirbon 
Im It includes priniaty peroxides which have W'\y 
parting with halt of the absorbed oxygen to another y 

Lceptor. Under certain circumstances the unsaturated 
autoxidator itself, may act as 

from the primary formed peroxide. When no acceptoi is pitsent 
then the peroxide uses its active oxygen for an inner oxidation by 
fixIL up^ molecule. Instead of such absorption, polymerisation 
mayLcur, It follows, theiefore, that autoxidation as well P°'y* 
merisation may occur simultaneously, viz. in the treatinent ol the 
unsaturated hZ valencies. Ui the first instance by 
in the last instance by.the free vWencies of each 
cases the unsatui-ated nature of the body is at ®"‘’- 
specially concerned the unsaturated fatty acids and thur csteiy 
Ser and Weisberg used Weger’s calculations gav^ 

serL of examples under the heading of direct autoxi^tion. Itoy 
state that linse^ oil on autoxidation does not act as self-acceptor bul 

GH;CH.CH:CH.G;C(CH,), 


which like linoleio acid contains three double bonds. It was dis 

to «d *a» .f' « <“ ‘ 

b^which it sepaiuted a white amorphous prempi^. U^b 
fcnLSl of temS^e hastened the separation. Theanalys. 
^owed r^peroxidrC,H,# 04 - mtplosive properfae 



S mi6n heating ih #rob 6 Q 2 oi and glacial acetic acid with chemical 
jci^ion. In aqneous alkali it dissolves readily in the cold, hut 
Under decomposition. The diperoxide is very nnstabie, its explosive 
properties are in evidence even under the influence of light and still 
more rapidly on heating. It melts between 120” C. and 130” C., 
comes soluble in alcohol and cold acetic acid, etc. If a boiling benzol ■ 
solution of dimethylfulven be treated with oxygen the above peroxide 
does not remain as chief product but only secondary, soluble and non- 
explosive bodies. If the benzol solution be shaken with a solution of 
sodium sulphindigotate of known strength, the latter will require 60 
per cent, of its weight oxygen, which will l)e taken from the dimethyl- 
fulven. The diperoxide, is thus induced in statu nascendi to 

a body CgHjoOj,. As to the constitution of these bodies, Engler and 
Falkenstein believe the diperoxide to have probably the following 
formula : — 


.CHtCH.CH 


A 


so that on autoxidation one of the three double bonds remains. • 
//acfonss, —Lewkowitsch believes the increased saponihcatioc 
number of linseed oil on oxidation is due to the formation of lactones 
He tried to prepare these from the oxyacids by neutralisation witli 
aqueous lye, and agitated the solution with ether. This left a viscous 
fluid, insoluble in alcohol, with the saponification number 36*6, bul 
the decomposition of the saponifi^ l)ie yielded a body with the acid 
number 57*4. Finally, the ox)*acid8 containing the lactones gave a 
higher saponification number than acid number. Lewkowitsoh con< 
dudes therefrom the fresh formation of lactones, but Fahrion believes 
Henriques’ laotonio acids nearer the mark. Lewkowitsoh then strongly; 
asserts that the oxyacids are considerably more soluble in water than 
the petroleum ether acids. The latter give a slight ester and acetyl 
number, in which the presence of a small quantity of lactones and 
hydroxyacids occurs. On the other hand, the probability is undoubted 
^at the fatty acids from petroleum ether disWve a certain quantity 
pf oxyacids. 

!4ufo»idalw».-«-In‘1904 Fahrbn tried to Imng Engler’s autoxida-* 
theory into harmony with the known process d oil drying. Thai 
p||pieed oil, chiefly as primary autoxidation piodudt, liberates peroxi^ 
^ be establisli^ qualitatively. , It was often shakefi with water fpi; 
pi in the open nb, fchdi a drop d dilute , sulphurio kci^ 

Iddect,; filtered, and to the fllt»te potaiiduin iodide and darch ad^ 
P decided blue oobpiktion was produ<bd,i7bll^ p 
i^teurless. When the above wai r<|i»tedva1l^^ 



produda aw 

Qoid w&tsT. It Wfts iStually sliown that Muldhr s oombu&tion 

lor linoxin correspond with » mixture of hexa-oxylinolenic acid and 

jbetra^oxylinoleic tri-glyceride. 


j 

C. ^ 

H. 

0. 

1 Calculated for . 

. 61*0 

7*9 

381 

I «• »» * 

63-9 

9-2 

20*9 

! Mulder found .... 

. " 62-5 1 

8’9 

28*6 


Linoxii! is thus a mixture, in varying proportions, of above glyeei> 
idefe. Its formation was firmly ascribed to the splitting off of water, 
and finally it yields, on saponification, acids soluble in petroleum ether, 
and these, along with the petroleum ether insoluble oxyaoids, give 
considerable iodine numbers, in which hexaoxylinolenio and tetraoxy-^ 
linolic acid absorb no more iodine. Linseed oil consists of mixed 
glycerides, and the oleic acid and the solid fatty acids are mixed Up 
in the drying process, and ai*e therefore present in the linoxin. The 
peroxide does not resist excess of alkali, without chemical change, so 
oxyacids are no longer to be regarded as the product of a molecular 
fixation of the original primary peroxide. The gi’eat variation in theft 
oxygeno content is partially explained by successive oxidation, partly 
by splitting off of water. Under this Twint of weight, Fahrion claims 
that his combustion results are not in favour of Engler’s theory, but of 
the lowest oxidised bodies, but at no time lower than that one molecule 
of oxygen has been absorbed. A polymerisation of the original prim* 
ary peroxide would, seem very probable, as with acetone peroxide \n 
two instances. It is presumed, however, that in special cases a 
neutralisation of the double bonds, or a concatenation of the oxygen 
atoms, into a higher molecular weicht is possible. This will ^ more 
readily understood with the formula of hexaoxylinolenio acid before 
Cy 6 S * — ' 

dH, . O . CO . C-H,* XH , CH . CH, . CH . CH . CH, . CH . CH . CH, , Ci 

. 0.6 6.6 0.6 : 

. 0,0 9 - 9 ' 

fiS . O . CO . C,H,;. CH . CH . CH. . OH XH . CH, .XH . CH . CH, ,CH 

‘ : 6 . b 


0 . 0 ^ , 0 « 0 0.0 
|a, . O . CO ; C,H„ .GH ; CH, Cl^X'H .OH . OH, . OH , CH v OHiKH 
PenxidtB.’-^Biovm Uiweed uil oont^u thelree 



^ prtWiry pferoxide of Imotoioand linbleic aoidI« 
l6um ether, and that the fixation product thereof is insolublj^^/! 
also takes it that the priinaiy peroxides iremain. Trials ip''] 
hem were unsuccessful. However, he has shown incontestably ' 
oxidation goes handjn hand with the increase in the molecuw 
He heated linseed oil in a small beaker glass, cova’ed by L 
leet aluminium, on which a glass cylinder for storing air waSi 
\r 300 hours at 135° C, Samples were taken daily and th), 
ar weight taken, with ether as solvent. It rose in that tim s 
cut 800 to 1400. The oxidised oil was a red-brown, completel f 
•ent, nibber-like mass. There is strong reason to believe tha » 
merisation occurred during the above research, the molecula • 
did not at any time double, and the phenomena can be air 
exclusively to condensation. Finally, Genthe* recognisei 1 
reaction in the drying process, consisting in a, slow combus } 
he organic substance. A short notice of Fahrions research' 
iUtoxidation of rosin may find- a place here. The autoxidatiox 
gave peroxide reaction and was insoluble in petroleum ethen 
position was a mixture of di-and tetraoxyabietio acid, C 2 oH;j,ioJ “ 
On heating above 100° and treating with alcoholid 
G acid, which is known not to etherify the COOH group,] 
m soluble derivatives were produced, with onlj slight agitation 
xla solution with ether of diminished acidity, 
r Fahrion isolated the original primary peroxide. The re- 
t\^as mainly on linoleic acid, using cotton-wool as dividing 
. The product was first shaken with petroleum ether to re- 
e unoxidised portion. Then the autoxidised product taken up 
ler left it as evaporation residue in the form of a thick syrup, 
ins a considerable amount of active oxygen which it readily 
I KI in acetic acid solution. At the same time the product 
i all the properties which Mulder ascribed to linoxin. Above ^ 
(8 it passes on heating, and by the action of alkalies, into red 
icid, changing the active oxygen content, apparently owing to ^ 
ig of this peroxide on a ketoxic gi'oup : — 


CH-O 

I 1 I 

CH-O CO 


change can proceed without any change in colour, e.g. pm-- 
leating of white linoxic acid with dilute HCl; finally it is 
i on storing it a long time by itself. Therefore, red and white 
icid are distinct from each other, since the last consists ^ 
r of ketoxic acids, whereas the latter contains active oxygen d 
tads, Mulder was, therefore, correct when he looked 
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Baner and Hazura were also correct when they described the red 
coloured acid as an unknown decomposition product. The production 
of potassium linoleate during oxidation, in neutral solution, points 
also to a ketoxy group. Similar products are formed during the 
fixation of white linoxic acid. Again Holde and Marciisson obtained 
ketoxystearic acid, Cj7lIjj.,0(0H)C00H. The petroleum ether portion 
of the autoxydation products contains active oxygen ; finally, during 
saponification it becomes partially insolijble in petroleum ether. 
White linoxic acid becomes during saponification partially soluble in 
petroleurp ether. These results are explainc'd by the etherification of 
fatty and oxyacids. If linoxic acid be dissolved in soda solution, and 
this solution shaken with ether, the latter leaves a yellow syrup with 
the molecular weight GOO. Its formation requires 2 molecules and 
is explained by the following equation : — 

2R(OH)(COOn) = H^O + ROH . CO . 0 . R . COOH. 

Thus the perfectly neutral an hydro-derivative may remain as shown 
by, the behaviour of linoxic acid, and when heated above 100® C., it 
becomes partly insoluble in soda and ammonia. By saponification, 
the insoluble part becomes soluble in above solution. However, 
‘Mulder's analyses of linoxin, with a saturation of the double bond by 
oxygen, still holds good. But a series of Mulder's and Fahrion’s oxy- 
acid analyses with the other data regarding linolenic acid and linoleic 
acid, show that a double bond always remains intact as in dimethyl- 
fulven. Autoxidation of linseed oil is not so uniform as that of lino- 
lenic acid. It leaves as chief product a still soluble yellow syrup with 
considerable active oxygen content. 

Dried Linseed Oil — Linoxin . — Finalfy it yields the penultimate 
product of the autoxidation, insoluble in all solvents, linoxin. On 
saponification, linoxin gives a certain amount of solid fat, a proof, 
therefore, that it exists at least partly as glyceride in the form of mixed 
glycerides from the linseed oil, and, therefore, taking part in the 
drying process. Orloff found for a complete dry linseed oil residue 
an iodine number Mri. It set no iodine free from an acidulated KI 
solution, yet it liberated active oxygen from an alkaline potassio- 
mercuric iodine solution, from which an equivalent quantity of 
metallic mercury was liberated. In ether the dried oil was only 
partially soluble. To the soluble portion in virtue of his analyses, 
Orloff ascribes the following formula : — 


[CH3 . CH, . CH . CH . CHj . CH . CH . CHj . CH . CH . (CH^); . CO]gO 

V U V 


Orlofi’s formula fur dried linseed oil, soluble portion. 
VOL. I. 19 



_ n the other hand, to the ether insoluble portion, also likewise 
• from the linoxin, the following formula was given : — 

[GHa . CHjj . CH . CH . GR^ . CH . CH . (GH2)io . GO]fi, 

\ / I I 

0 0-6 

Orloff’B formula for dried linseed oil, insoluble portion. 

These formulae contain a series of errors. In the first place, the 
ether soluble portion is more highly oxidised than the ether insoluble, 
the first was a derivative of linolenic, the second of linoleic acid, but 
their formula is comparable one with the other. Further, molecular 
as well as atomic oxygen was absorbed, and finally, dried linseed oil 
still contains glycerine. Besides, all these errors are capped by the 
fact that " linoxin ” is a mixture of several bodies, and therefore the 
establishment of any such formulae is quite impermissible. 

The chemistry of autoxidation during blowing of linseed oil must 
be much the same as during drying, only it is to be remarked that the 
primary peroxide at high temperatures is fixed, and that the splitting 
off of water is greater. Fahrion found in an oil blown at 150‘\C. 0*4 
per cent, ot active oxygon, whilst Mulder over six years’ standing found 
peroxide building and consequent oxidation. Owing to the intensity 
of the reaction during blowing, a series of volatile bodies are given off, 
hence are not present on drying. H. Nordlinger isolated acids of 
boiling-point 190® C. and over, alcohol aldehydes and esters of boiling- 
point 150° C. and higher. Looking to data hitherto available, and 
its confusing nature, it must be acknowledged thtt the process of 
autoxidation from its chemical aspect is in nowise completely clear. 
In several ways much light is thrown by the following : — 

1. It is certain that the primary peroxide remains, an I seemingly 
persistently, so that exclusively molecular oxygen is absorbed and 
also that the primary peroxide does not even by its active oxygen 
lend itself to linseed oil as a self-acceptor. It is difficult to bilieve 
that, first the linolenic, then the linoleic acid absorb oxygen, leaving 
the saturated fatty acids untouched. As regards oleic acid it does 
not resist the action of the air. Its change must, as Mulder suggested, 
lie more in the direction of the rancidity ot the oil, with lowering of 
the iodine numbers. In any case, at the ordinary temperature oleic 
acid leaves no oxyacids insoluble in petroleum ether, and it can be 
taken as certain that it in nowise shares in the drying proc ss. How- 
ever, it can occur in the foim of mixed glycerides in the ethereal 
solution of linoxin, along with the unsaturated fatty acids, which also 
contain linolenic or linolio acids. Likewise, oleic acid can lower 
their iodine numbers by secondary processes, wh ch have nothing in 
common with the real drying process. It is taken that linseed oil 
contains 18 per cent, of oleic acid, therefore the iodine number of 14 
for dried linseed oil. On the other hand, Orlofifs value of 14 cajjnoi] 
be ascribed to oleic acid alone; then the oxyacids separated b;^ 





-saponification, which contain oleic acid in traces, still absorb iodine 
This is due to one of the double Ix^nds of linolenic and liuolic aoidi 
remaining intact during autoxidation, which clears the matter uj 
greatly. This opinion is favoured by the high oxygen content o 
different oxylinolic and oxylinolenic acids. 

2. It is certain that during the oxidation of the linseed oil part o 
the glycerine is split off. Both Mulder and Bauer and Haxura as 
Burned that this splitting off was due to the progress of oxidation 
Mulder showed that under the term free fatty acids, both oleic aoic 
and saturated fatty acids occurred. Bauer and Hazura make th< 
same assumption ; they go farther and imagine that only solid fatt] 
acids and free oleic acid occurred free, and that of linolio and linolenic 
acids no trace occurred. As to the latter assumption, there is nc 
proof : facts are against it. As to spontaneous fat splitting in n 
partially split fat, the free fatty acids have abundant glycerine it 
their composition, so that under the term free fatty acids contained 
in linseed oil both linolenic and linolic acids are included. 

3. It must not he forgotten that in several processes during 
the heating of linseed oil with simultaneous blowing, the thickening 
so produced is due to a greater or less extent to autoxidation. Thai 
it is due to polymerisation is imjirobable. Different reasons jjoint tc 
condensation. During the lixiinc of the primary peroxide Oil groupe 
are formed, such are free COOH groups which are also produced, 
For this reason the molecular weight rises from 800 to 1400, as do* 
termined by Gerithe, therefore no polymerisation can intervene where 
condensation occurs. Moreover, in condensation processes the 
iodine number does not lower, hut rises. Hence by air blowing, thick 
boiled oil shows a great lowering of the original iodine number, and 
during drying groat lowering occurs, which is only to he partially 
ascribed to autoxidation. 


Self -autoxidation of the Autoxidiser in Addition to AtUoxidation 
of Acceptor. — The autoxidiser oxidises itself as well as the acCeptoi 
by producing a stable compound, which can no longer serve to pro- 
duce a peroxide; to continue the autoxidation a fresh quantity of 
autoxidiser is requfi-ed which neexjssitates a definite relation between 
the two substances. That is why linseed oil may still dry satis- 
factorily if non-drying* oils or other non-drying bodies, e.g. greasy 
lamp-black, are added to it, but only within certain limits compatible 
with the conditions just enunciated. Finally, certain metallic* salts, 
capable of forming oxides of different degrees of oxidation, impart 
^eat drying properties to linseed oil, when placed in suitable contact 
therewith. Lead, manganese, and cobalt manifest these properties in 
a specially energetic manner. Added (1) as compounds soluble in 
oil (rosinates, linoleates), or (2) placed in contact with oil in the form 
of oxides they endow it with an aptitude for oxidation altogether re- 
maj;kable. In the first case (1) they play the r6le of autoxidisers, in 
ihe second instance (2) there is partial saponification of a part of the 
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oil with the formation of a manganous or plumbic salt of the fatty- 
acids of the oil, which dissolves therein and which afterwards plays the 
r61e of autoxidisers, as in the previous instance. 

Manganese Compounds and their Action. — Traces of a manganese 
salt added to a mixture of (a) oxidisable bodies with (b) oxidising 
bodies, start or accelerate very appreciably the oxidation reaction. 
The manganese compound, besides its action as an autoxidiser on oil, 
favours the formation of organic peroxides and accelerates the oxida- 
tion produced by the latter. For that purpose only an infinitesimal 
quantity is required (see table), and the oil so treated may be con- 
sidered as practically exempt from mineral compounds. It does not 
become brown in the air only; the nature of the acid forming the 
manganese salt has a great effect on the intensity of the reaction. 

Summary of the Autoxidation Bertrand Theory. — 1. The drying 
of linseed oil is produced by the conversion in contact with air of 
several unsaturated liquid glycerides, with several double bonds or 
links into peroxides, which completely oxidise the oil. This reaction 
is very slow. 

2. By adding spirits of turpentine to the oil the action is accelerated, 
for this essential oil readily produces in the air a peroxide which com- 
pletely and rapidly oxidises the mixture. 

3. Finally, the addition of a manganese salt still further accelerates 
the mpidity and increases the energy of the reaction ; — 

(ft) By acting as a mineral ferment (see Barruel and Jean) when 
used in mere traces, in presence of a substance which can readily con- 
vert itself into an organic peroxide such as spirits of turpentine. 

(6) By acting directly on the oil as an autoxidiser when it is used 
in higher proportion, and in this case it shares this property with 
lead salts. 

The process when an autoxidiser of this nature is used may be 
written thus ; — 

A. Autoxidiser. 

B. Acceptor. 

Here the autoxidiser does not participate in the final oxidation, it 
cedes all the oxygen which it has fixed and recom'mences acting as a 
carrier between the atmospheric oxygen and the acceptor. It is un- 
necessary to have a great quantity in use, a minimum quantity 
suffices. 

Ag far back as 1883 Livache is credited with having shown that 
manganese is a more active drier than lead, but that was proved long 
before the eighties. Vincent pointed it out before 1870, and Faraday 
long before him. It was even proved by Vincent on 2 ton batches of 
oil as far back as 1870, and Vincent acknowledges that the idea of 
using manganese came from Faraday. In a word, the use of 
manganese goes back beyond the memory of any man now living, 
and Germany had nothing to do with suggesting its use or of CQj>alt* 

Mineral Ferments . — The important rile which manganese salt^ 
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play in a whole host of oxidations, both natural and artiiioial, has 
been shown by Bertrand. They coexist in the oxidising ferments 
from which fact they are termed mineral ferments. 


A + 0., -> AO,. 

AO., + b' -> A + BO.,. 


A. Autoxidiser 

A - AO 




/O 

B. Acceptor 

A( ! + B -> AO + BO 
^6 



A. Autoxidiser 

A -* A^ 1 



B. Acceptor 

A( ; + 2B A + 


conversion into peroxide. 


Haller has since pointed out the presence of stearic acid and a 
little arachidic acid. However that may be, we may take liiiHeed 
oil to consist of glycerides of ditferent fatty acids (1) saturated fatty 
acids Cj 4 H 2 y 02 , myristic acid stearic acid and 

palmitic acid (2) the iinsaturated fatty acids to which 

belong all the others. The latter class is differentiated from the 
forme# as they comprise double links in their chain : Cli CH 
corresponding to unsaturated carbon atoms. These double bonds 
are more or less numerous; oleic acid only contains one, linoleio 
acid two, linolenic acid and isolinolenic acid three. Oleic acid ia 
also present in other and non-drying oils ; it is not characteristic of 
the drying property of linseed oil, which is undoubtedly due to the 
presence of linoleic, linolenic, and isolinolenic acid peculiar to that 
oil, that is to say, to fatty acids containing two or three double 
bonds corresponding to four or six atoms of unsaturated carbon 
atoms, have unsatisfied valencies and consequently capable of fixing 
other atoms. The drying of linseed oil is due to the absorption of 
oxygen, and as in this reaction the weight increases, the oxygen 
absorbed is not utilised for a partial combustion of the product, but 
is fixed by addition. It ia therefore quite rational to assume that 
this oxygen has saturated the double links. This is shown by the 
ohemical examination of linoxin ; it shows that this product no longer 
contains double bonds. That linseed oil agitated with air dries 
more rapidly has already been seen, also when it is mixed with 
turps or with the mineral bodies termed driers, and the effect is ap- 
preciably greater when these three conditions are combined. As 
regards turps the fact is explained by the fact that in contact with this 
liqi^id, atmospheric oxygen becomes more active. It is well known 
that an aqueous solution of indigo carmine is bleached in the air 



^hen little turps is added to it. The oxygen of the air which does nol 
act on this colour, destroys it under these conditions. Although il 
has been asserted that ozone is formed in contact with turps, it is nol 
a transformation of that which causes it, for if in the previous experi- 
ment the oxygen of the air used be measured it will be found that the 
volume of oxygen absorbed is double that required to decolorise 
indigo. Oxygen is therefore also fixed by the turps, and it is to the 
compound so formed that the bleaching is due. Tf we go back to the 
'mixture of turps and linseed oil the same reasoning applies the 
turps cause the oxidation of the oil by absorbing oxygen. These 
; oxidation phenomena duo to turps have been studied more especiallj 
by Bach, Englor, and F. Weisberg, who have shown that under these 
conditions turps, or more exactly, pinene, a non-saturated hydro 
carbide of which turps consists almost entirely, is converted by con 
tact with the air into a peroxide by the absorption of two atoms o^ 
oxygen which is fixed by the double link ; the compound forraec 
It — 0 — 0 — R is very unstable and behaves like hydrogen peroxid( 
g — Q — Q — H by abandoning an atom of oxygen to the oxidisabh 
body termed, an acceptor being itself converted into a more stable 
body i\ — 0 — R or H— 0— H. This property of forming peroxidei 
is shared by a large number of organic bodies ; amylene, trimetby 
ethylene, hexylene, unsaturated hydrocarbides form peroxides. Cer 
tain aldehydic bodies possess the same properties. Acetyl peroxid( 
and benzaldehyde peroxide are well known — 


CIl3_~C0— 0 

I 

CHa—CO— 0 


Acetyl poroxidu. 



Benzaldehyde peroxide. 
Perbeuzoic acid. 


The non-saturated fatty acids may themselves yield peroxides. 

If they do not possess one double bond, for e^xample in the cas 
of oleic acid, the peroxide is not formed in contact with air, the o 
does not dry, but none the less this fatty apid can yield a supei 
oxygenated compound when treated by ozone, as shown by Molinai 
and Soncini as well as Harries and Thieme. The ozonide of olei 
acid possesses the constitution ; — 


CH3(CII,)7CH CH(CH2),-C02H 


The unsaturated fatty acids possessing several double bonds fon 
peroxides in conUict with air. These peroxides then act on the o 
itself which plays the r61e of acceptor, and the drying of the oil t^i 
! niiitft ranidlv as soon as an aonreciable quantity of peroxW 



is formed. If non-drying oils be add^ to linseed ill they lilteWi^ 
dry in spite of their non-drying properties, oxidation occurs by en-' 
trainment, the non-drying oils play the part of acceptors and are 
oxidised after the manner of indigo carmine in contact with turps 
and air. That explains how linseed, which contains a considerable 
proportion of saturated fatty acids, dries right to the core although the 
same fatty acids do not dry alone. During the process of oxidation 
all the organic bodies added to paint participate in the oxidation. It 
is well known that canvas which has been painted on directly is 
“ burnt ” by the painting, and that the painting is always insulated 
from the canvas by a special coating. The pigments tluiuiselves (see 
Vol. III.) do not escape this action and are subjected to energetic 
oxidation when used ground in oil. It is thus necessary that they 
should be as little sensitive to this action as possible, and more 
particularly that they should be completely insoluble in oil and turps 
besides water. 

Permanent pigments should not only resist sunlight but also the 
oxidis'ng action manifested as the paint dries. An example will 
suffice to show the sp(‘cial attention which should be brought to bear 
upon the point. Indigo, a natural organic colour, is much used in 
dyeing owing to its very great resistance to the oxidising action of 
sunlight. It should tlierefore constitute in oil-painting a very strong 
colour. Yet what do we find if we heat indigo with linseed oil to 
We get rapid solution, cold, it shows a dark gn-en tint. The filtered 
solution exposed to the air is rapidly decolorised. The indigo has 
been destroyed amidst a mass containing organic peroxides. As all 
organic colours are oxiclisable they must be rendered completely in- 
soluble in oil by converting them into lakes, analogous to madder 
lake. In a general way the bodies, the above-named substances 
called by Engler and Wohler autoxidisers, oxidise the bodies with 
which they are mixed acceptors by becoming convertt^d into peroxides, 
which cede to the latter one of the two molecules of oxygen absorbed 
reserving th « other. For the oxidation of a given weight of substano© 
(acceptor) it is necessary to use an equivalent quantity of autoxidiser. 

Luminous rays act very favourably on the formation of p' roxides^ 
that is why linseed oil dries more rapidly in sunlight. Its drying 
capacity is increased. • If we compare the effect of the different rays 
which accompany or compose sunlight, it is found that the lays with 
a short wave length, th© ultra-violet rays, have an extremely intense 
action. Linseed oil submitted to these rays dries very energetically. 
Let it be well understood that it is possible to add directly, organic 
peroxides, which may be prepared by chemical means, and rapid dry-; 
ing oils may l>e so obtained which do not contain a trace of mineral; 
matter. 

Comparative Bapidity of Drying in Dry Air and in Moist Air:^ 
— The question whether manganese boiled oil dried best in dry oT; 
moist air was examined by Lippert. His results, if curious, ar© 
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; interesting. A boiled oil rich in manganese dries faster in dry air. 
Hence the amount of water in the air, and that of manganese in the 
boiled oil, act in diametrically opposite directions. Weger asserted 
that, generally, lead boiled oil dried fastest in damp air, manganese 
boiled oil in dry air, and he certainly got very different results with 
manganese borate boiled oil, which is comparatively poor in man- 
ganese. He mentions a manganese borate boiled oil that dried in 6 
hours in cold dnmp weather, and took 12 hours to dry in a warm 
atmosphere. Lippert first compared the drying of the boiled oils in 
a current of perfectly dry air, which had been freed from any trace of 
aqueous vapour by passing through sulphuric and phosphoric an- 
hydride, with that of boiled oils in an ordinary room, in which the 
dampness of the air was regularly tested by a hygrometer, but he 
found these tests could be dispensed with. 

Choice of Drier — Manganese Driers . — It has been shown that the 
best results are obtained by the use of lead and manganese. An 
oil boiled in contact with manganese driers dries quicker than one 
boiled with lead driers. When boiled oil is free from lead it has 
the advantage of not being altered by sulphur compounds. The 
receipts given for the different driers to be added recommend the 
use of the borate and the hydrated oxide of manganese to the exclu- 
sion of all lead compounds, and the boiling may be done as suggested. 
The superiority of oils having manganese as their only drier is so 
decisive that attempts have been made to manufacture such oils 
directly. % 

1. Borate of Manganese . — Two pounds of very white borate of man- 
ganese, free from iron and finely ground, are added with constant 
stirring to 1 gallon of oil heated to 100® C. (212° ¥.). When complete 
incorporation is effected the heat is raised to 200° C. (392° h\). One 
hundred gallons of oil are heated in a pan until bubbles of gas com- 
mence to come off, when the preceding mixture is added in a thin 
stream. The heat is raised to about 200° to 220° G. (392° to 428° F.), 
and after 20 minutes’ boiling an oil is obtained which rapidly dries 
to a bright elastic coat. It is absolutely necessary only to use borate 
of manganese completely free from iron. It ma^ be prepared by 
adding a solution of borax to a solution of manganese chloride, so 
long as a precipitate forms which is washed with water and dried. 
A perceptibly white product is thus obtained. As manganese ores 
are liable to contain iron, lime, and other impurities this method of 
preparing borate of mp.nganese is apt to give an impure product ; a 
better method is that given. The drying properties of this salt are 
such that it is claimed by some that it can transform linseed oil into 
a quick-drying oil at a temperature as low as 40° C. (104° F.), e.g. if 
in a ffask containing linseed oil we suspend a small linen bag con- 
taining borate of manganese (3 oz. of borate to 100 oz. of oil), and if 
we place the flask in a warm place we obtain in 15 days a quiojc- 
|rying oil. But all these trivial processes are misleading. Life is 
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too short to wait 15 days for oil to dry uo quicker than boiled oil, 
and only under exceptional conditions, such as the presence of free 
fatty acid in the oil and free hydr\ted oxide of manganese in the 
borate, can the oil be acted on at such low temperatures. Common- 
■sense might tell those who make such extravagant claims for borate 
of manganese ihat in the cold it is almost inert. A better oil is said 
to result if, instead of employing borate of manganese alone, we 
employ a mixture of borate of manganese and oxide of lead, which 
is practically the same, bt^cause the reaction which ensues intro- 
duces oxide of manganese, but the latter may bo added directly in 
the form of the hydrated oxide — a dense, brown product ; linally, 
it can be introduced by utilising reactions similar to the following : — 

2. Hydrated Oxide of Mamjaneae and Air. — One thousand pounds 
of oil are heated to 70° to 80” C. (158” to 17G” F.). 3 lb. of crystal- 
lised manganese sulphate are dissolved in a very small quantity of 
water by the aid of heat; 10 lb. of caustic potash dissolved in a 
small quantity of water are added; the whole well stirred and run 
into the oil. The mass turns brown, and brightens at the. same time. 
An india-rubber tube, to the end of which a rose nozzle is lixed, is 
introduced into the pan, and by means of a pump air is injected for 
4 or 5 hours until the brown coloration has disappeared. The oil 
to which the above mixture has been added falls in drops inside a 
pipe, where a current of air circulates the reverse way. The oil is 
again elevated, and made to fall again, and so on until the brown 
coloration disappears. It has been further proposed to use the 
natural black oxide of manganese — pyrolusiti;. 

3. Black Oxide of Manganese and Snlpkiiric Acid. — \ mixture of 
2 lb. of finely ground pyrolusite and 2^ lb. of sulphuric acid is added 
to 100 lb. of linseed oil heated between 180° and 200" C. (35()'‘ to 
392° F.). After about an hour, a milk of lime, obtained by slaking 
1 lb. of quicklime, is added, the whole well stirred, and filtered 
through canvas. 

4. Various Processes, (a) Treating Litharge Boiled Oil with 
Borate or Sulphate of Manganese. — Livache claims that a very 
quick-drying oil — free from lead — whose drier is manganese may be 
obtained in a roundabout way by slightly heating or simply agitating 
an oil which has been boiled with litharge, with borate or sulphate 
of manganese. The oxide of manganese, he says, replaces the oxide 
of lead, which is precipitated in the state of insoluble lead borate or 
lead sulphate. 

(6) Boiling Linseed Oil with 5 per Cent. Lead Oleate. — One hun- 
dred gallons of linseed oil are heated with 50 lb. of lead oleate. But 
as oleic acid is not a suitable acid with which to combine a drier ; the 
oleate of lead has for a long time been replaced by manganese linoleate 
and also by manganese rosinates which are used in smaller proportion. 
Neither of these exert a counter influence on drying like oleic acid. 

Zinc Driers . — Linseed oil is sometimes boiled after the addition 







j The func 

tioD of zinc sulphate in oil-boiling and varnish-making is obscure ; i1 
is added with the idea of imparting elasticity, also to remove water 
Again, attempts have been made to substitute lead salts by pure oxid( 
of zinc, but after boiling the resultant oil dries slowly, and the oil s( 
prepared has no advantage over a litharge-boiled oil, except that it if 
not blackened to counteract this irremediable drawback by sulphurettec 
hydrogen. Livache precipitated the lead of a litharge-boiled oil b] 
means of a suitable manganese salt, such as the sulphate, but that if 
a very roundabout way of introducing manganese into the oil, anc 
seems so unnecessary, too, as both manganese linoleate and man 
ganese rosinate, to say nothing of the acetate or even the borate 
dissolve very freely in hot linseed oil. But it is more than probabh 
that the precipitation of the lead dissolved in the oil is any hing bu1 
complete, and that the good results claimed by Livache from thif 
style of working were due to the conjoint action of lead and man 
ganese. Oxide of zinc has been added to the salts of manganese em 
ployed in oil boiling, but if the zinc oxide did any good it was due tc 
the liberation of manganese oxide. Leaving out of account the ad 
vantage — often very appreciable — of obtaining an oil which does no' 
blacken in contact with sulphuretted hydrogen, it would appear thai 
the oil does not dry quite so quickly, nor so uniformly and well, af 
when a manganese salt is added in presence of lead oxide. It has 
been recommended not to heat the oil with driers beyond 120° t( 
127“ C. (24H° to 260*6° F.), but to project into the oil after, severa 
hours’ boiling 4 Jx)th of its weight of water, mixed with .^th of itf 
weight of litharge, in the form of fine drops. But tliis dangeroiu 
process, due to Bartky and tried in Germany, appears to be but little 
used, if at all. 

Barruel and Jean found that an oil which did not contain anj 
thickened oil, nor drier, begins on exposure to give off carbonu 
acid, but that, under opposing circumstances, carbonic acid is dis 
engaged after 8 to 10 hours contact. Another important point w^hicl 
follows from their experiments is that for the intestinal movement tc 
manifest itself, the temperature must be brouglft to + 15° C. whilsi 
below that temperature down to 6° C., the action of accelerating oi 
exciting agents is always weaker. The hecessity for a mediurr 
temperature points to an analogy between this phenomenon anc 
that, of fermentation. The increase in w^eight of a coating, aftei 
complete drying on tin, rose to 16 per cent, of the weight of the oi 
used. They also discovered that the direct or reflected light of the 
sun exercises a manifest influence on the phenomena of the drying 
of oils. Thus a sq. metre on which a coat of paint made from man< 
ganese-treated oil and zinc white had been applied, and left in a darl 
place, only increased 1*1 grammes in 7 hours, and 2*23 in 20 hours 
whilst the same surface left in the laboratory at the same tem^ra- 
ture, but exposed to the light from a cloudless sky increased 3‘J 




grammes in 7 hours, and 4*42 grammes in 21 hours. Under the iu- 
fluenoe of the solar rays, absorption is still more rapid than in the 
preceding case. In an experiment lasting 4 hours, a surface 1 
metre square, which had been coated with white paint and drier, 
had increased 4 grammes in weight and disengaged 435 milligrammes 
of water and 1 gramme of carbonic acid. The water would appear 
to originate in the large surface of the glass vessels, used in the ex- 
periments, for in the different weighings it was not proportional to 
the carbonic acid disengaged. The above chemists contondtsl that 
the absorption of oxygen by drying oils, under the inlluence of heat 
and light, is the result of an internal movement, which operates 
similarly to fermentation, Barruel and Jean’s views appeared to be 
supported by numerous facts. They found bodies which added in 
infinitely small quantities under the influence of the solar light and 
a moderate temperature, cause drying oils to dry in a very short 
time, or to speak more plainly resinify them, with the result that 
carbonic acid is disengaged, whilst the oxygen is fixed by the oil. 
Barruel and Jean assert that there is an oleaginous as well as a 
lactic acid fermentation. In oil boiling, the oxides absorbed by the 
oil are imperfectly reduced which gives rise to the formation of 
carbonic acid. The reduced oxide is thus converted into a body, 
which operates on the oil after the fashion of a ferment, and the 
proof of it lies in the fact that boiled oil possesses no drying pro- 
perties unless it contain dissolved oxide. Barruel and Jean found 
that th# substances which possess this property in the highest degrfie 
are for the most part metals of Thenard’s third class, manganese, 
zinc, iron, cadmium, and amongst that group it is the protoxides of 
cobalt and of manganese that have given the most satisfactory re- 
sults. In some cases protoxide of iron is said to behave in the same 
way but with less energy. Barruel and Jean, so as to find a ferment, 
or an innocent drier working energetically on drying oils, tested 
compounds of the above oxide which, leaving to these oxides all their 
exciting force, would be easily made on the large scale. But such is 
not the case with the above protoxides which are difficult to prepare, 
and cannot be pre^rved in contact with air. They first tried the 
organic and inorganic compounds of the protoxides of cobalt and 
manganese. They afterwards found that carbonic, phosphoric, sul- 
phuric, and hydrochloric acid as well as the greater number of 
vegetable acids, retain the above oxides too energetically and almost 
entirely annul their effects. The salts of these oxides in the basic 
state have, it is true, a more marked action, but of all inorganic acids 
it is boric acid in combination with the protoxides of cobalt and ^ 
manganese which gave the best results. The ratio according to which ^ 
the borate of the protoxide of manganese may start the fermentation:! 
of drying oils is 1 to parts by weight in 1000 parts by weight of 
|he«sil, that is O'OOl per cent. Barruel and Jean remarked that tha | 
l^mte of manganese which they used and tested was not an anhydrous^ 
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' salt, but contained about 25 per cent, of water and appeared to a< 
in this way : a portion of the protoxide is eliminated by the effect ( 
light and heat, it absorbs oxygen from the air to be converted int 
peroxide, and very soon the oil begins to set and the coating at thi 
moment begins to colour slightly, but this coloration disappears whe 
the coating is dry. If 1 to 2 per cent, of borate be used, calculated o 
the weight of the oil, the brown coloration of the coating persisti 
Two organic acids yield with the protoxides of cobalt and manganes 
salts analogous to those yielded by boric acid, viz. : benzoic acid an 
hippuric acid. Resins behave like acids but to a less extent. Th 
use of hippuric acid seems to Bairuel and Jean to be advantageou 
as it would utilise a neglected product of the farm. 

Lead and Mamjanese Salts as Driers. — Besides the oxides of lea 
and manganese we may employ certain salts of these oxides as drier 
But their choice would appear to be subordinate to their degree ( 
solubility in the oil, and to the way they behave when heated alor 
with the oil. Further, all the numerous salts proposed have bee 
discarded except the acetate (sugar) of lead and borate of manganes 
and the reason is not far to seek. Those salts decompose whe 
heated, and yield as a final result either the oxide of lead or fine] 
divided metallic lead, or oxide of manganese, of which the valuab 
function is well known. 

1. Acetate of Lead. — This salt melts in its water of crystallisatio 
at about 75'’ C. Above 100'’ C. it loses water and a little acid, yieh 
ing the sesquibasic acetate, which towards 280'’ C. is complete! 
decomposed, giving off carbonic acid and acetone and leaving as 
residue metallic lead in an extremely fine state of division (spon^ 
lead). We have seen the important role this plays in stimulating tt 
drying properties of oil. 

2. Borate of Manganese. — Again, on the other hand, we have i 
borate of manganese a very unstable salt, as is the case with borat( 
in general. The affinity of boracic acid for oxide of manganese beir 
but very feeble, the latter is liberated by the action of heat ; the en 
ploymeut of this salt is therefore a useful roundabout way of introdm 

. ing oxide of manganese into the oil. ^ 

As non-oxidised metallic lead, in a very porous condition, increase 
the drying properties of the oil, it was interesting to study the actio 
upon oil of other metals capable of being easily precipitated. Bi 
the ad dried no quicker when treated with precipitated tin or coppe 
Besides, these results might have been foreseen, for Chevreul showe 
that linseed oil, spread upon well-polished lead, dried much moi 
rapidly than when spread upon copper, brass, zinc, or iron. Wit 
these metals the oil did not dry any faster than upon plates of glaze 
or unglazed porcelain, glass, or plaster of Paris. As to the numeroi 
other substances besides the salts of manganese and lead propose 
to be added to drying oils to hasten their drying properties, noQ^ ( 
them appear to exert any beneficial influence. Chevreul made 
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compai-ative study of the oxides of zinc and lead and showed that the 
former had no appreciable influence, and that certain substances even 
acted in a contrary manner, retarding instead of hastening the drying 
of the oil, such as the oxide of antimony and antimonious arseniiate. 
If certain substances appear to act as driers, the leason is to be found 
in the fact that they have been used in conjunction with the applica^ 
tion of heat, and their apparent benefleial action is due to the heat 
alone. According to Audios the following substances may be l egardod 
as absolutely useless : all organic matters (sepia, dog excrement, Inroad, 
onions, garlic), red oxide of mercury, verdigris, lime, brass, zinc, alum, 
hydrated oxide of iron, boracic acid, oxide of antimony, gypsum, ver- 
milion, pumice-stone, animal charcoal. The following as Oxidisiyuj 
Ayents, — White lead, sulphate of l<‘ad, carbonate of lead, basic acetate 
of lead, black oxide of manganese, hydrate of protoxide of manganese, 
sulphate of zinc, oxide of zinc, umber, and those in this final list as 
Energetic Oxidising Agents. — Air — acting through its oxygen — red 
lead, litharge and the different oxides of lead, Ixirati^ of manganese 
and the hydrated peroxide of manganese. 

Kastner has projiosed the plumbates of the alkaline earths as 
driers. These are prepared by heating in a suitable furnace two 
molecules of baryta, strontia, or him*, or their corresponding car- 
bonates with one molecule of oxide of lead. The plumbate of baryta 
is dense black, that of strontia, brown, and that of lime, bright red. 
Kastner is of opinion that the drying property of the oil is increased 
by the richness in oxygen and the introduction of lead ; he holds 
further that the introduction of the alkaline earths themselves may 
produce oleates, which after drying assume a consistency of remark- 
able elasticity. We ought therefore to confine ourselves in the use of 
driers to lead and maiujanese, to their oxides, and in certam cases to 
some one of their salts. 

Catalytic Action of Driers. — An experiment of Chevreul lends 
support to the theory of looking upon manganese and lead as simply 
performing the function of intermediaries or oxygen carriers, viz. : 
If we make a mixture of raw linseed oil and manganese-boiled oil,, 
the liquid resulting from this mixture has a much greater oxygen 
absorbing power than either of the liquids constituting the mixtures 
taken separately. * 

If this be true, then a pale boiled oil made by diluting a manganese- 
boiled oil with raw oil ought to be a very desirable mixture indeed. 

It follows that the quantity of oxygen absorbed during the same 
period of time is not proportional to the quantity of oxide of man- 
ganese contained in the oil, since the boiled oil reduced with raw oil 
absorbs more oxygen, although bulk for bulk it contains less oxide 
of manganese than the original manganese-boiled oil. The only ' 
feasible explanation is this : If the raw oil in the mixture absorbs ' 
a gi^ter quantity of oxygen in the same space of time, it is simply 
tecause this oxygen is supplied to it under more favourable con- 
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anions. JNow inese conaitions are precisely the fixa 

by the oxide of manganese, which forthwith gives it up to the oil 
there is thus a continual transport of oxygen from the air to th( 
manganese and thence to the oxidisable principles of the oil. 

It seems, therefore, that an oil will dry in a better manner th( 
less metallic linoleate it contains, because linoleate of lead absorb? 
less oxygen than linolein and becomes brittle ; all we have to do is t( 
introduce a quantity of lead or manganese sufficient to extract fron 
the air the quantity of oxygen necessary to oxidise the linolein as 
fast as this oxidation proceeds. A large quantity of lead or man 
ganeso does not hasten the oxidation — the intensity of which is th( 
sole function of the drying quality of the oil used — but would on th( 
contrary yield a less elastic and slower forming final product. Again 
summing up the proper conditions under which the drying propertiet 
of an oil are accelerated, we can deduce the following principle (I’ 
the oil ought to be refined and clarified ; (2) there is an advantage ir 
allowing the oil to age before using it. If need be oxidation may b( 
started ; (3) it is more profitable to use boiled oil than raw oil ; (4] 
the drying of raw oil or boiled oil is hastened by the addition of eithei 
lead or manganese or cobalt compounds in known quantities or bj 
naetallic lead in a fine state of division. It remains to be considered 
how in actual practice we can conform to the principles enunciated 
The oxides of lead or manganese or cobalt or their salts are pre- 
ferred. But the use of metallic lead has latterly been tried with 
promising results. 

Treatment of Linseed Oil with Driers in the Cold — Briers are 
generally incorporated with the oil by aid of heat. However, 
interesting attempts have been made to effect this result in the cold. 
Numerous attempts are made to prepare quick-drying oils in the 
cold, thus securing economy and a paler oil. Few processes have, 
however, been published. The simplest plan consists in running 
the oil into a reservoir, from whence it falls upon plates super- 
imposed at alternating inclinations and at certain distances one from 
another. The oil thus runs in a thin layer in a zigzag course from 
one plate to another and thickens as it absorbi oxygen ; by using 
lead plates the action is more rapid. The oil when it reaches the 
bottom of the column of plates is pumped* up to the top, and the 
same process is gone through again, and so on until the oil has 
assuijied the requisite consistency. The theory of this is very simple — 
the oil oxidises, generates fatty acids which attack the lead, and the 
resulting nascent linoleate of lead dissolves in the oil. 

1. Link's Method, The First Attempt at Blowing Linseed OH . — 
In Bink’s process a very small quantity of drier, 0*2 to 0*6 per cent,, 
oonsisting of a mixture of manganese oxide and a lead salt, is first 
added to the oil, then a current of air passed through until the! 
desired quantity of oxygen is absorbed. But this does not^vb! 
satisfactory results without the aid of a moderate heat. ^ 



a, Bouis' Process.— Bonii introduced lead oleate into the oil ; the . 
product is colourless and dries satisfactorily. It has Iwen propo^ 
Ler to replace the oleate by the linoleate of 1^, but the latter, it is 
said, does not Rive the same result, as it is said to be insoluble in od 
in the cold. Hartley and Blenkinsop dissolve the mauganose lino- 
leate in naphtha and introduce it in solution in that vehicle into the 
oil and then blow air through it. But according to 1 r^essoi Sabin, 
this process was well known in America long before Hartley, etc., 
patented it. Moreover, the writer recommended it in his 1 olytec iiiic 
lectures several years before Hartley’s iiatont. See Vincent s method 

Mef/iod.-Licbig recommeiidetl the Wb'J-io" “f 
oil with water, litharge, and basic acetate of lead. The atter sa t is 
prepared by grinding as finely as possible 1 part of acetate of le^ 
with 1 part of litharge to thorough incorporation and pHoing the 
mixture in a lorcelain basin, which is heated on 

covered with another porcelain basin to prevent access ol air. After 
an hour’s heating a white mass is obtained, which is triturated with 
5 pLts of water. The solution on standing and clarifying contains 
the basic acetate of lea.l. It is diluted -‘th its own ^ 
and vi-orously shaken with 20 parts of oil which has been rduiat^ 
with Tpart of finely ground litharge. The mixture thus « 

added to the oil to be treated, Mhich it soon decolorises, and at the 
same til stimulates its drying properties. In 
the presence of lead would he prejudicial to the object for which the 
oil is to he used, it is agitated with a small ijuantity of sulphuric 
acid diluted with 3 parts water. The lead may 

agitating the oil .with a salt of manganese, the acid of which lorms 
1 insoluble lead salt-the sulphate, for example, or, better, the 

^'Thivaches Process.- Livache’e process consists in agitating Urn 

cil in the cold with finely divided metallic load, pcidectly 

oxide For this purpose he uses the spongy lead obtained by pre- 

the water imbibed by the porous mass of precipitated s^ngy le^. 
XTle oil runs Lay clear and limpid from the bottom of the 
Lnel, and as a consequLce thereof all the water has ton displ^^ 
the mud thus obtained is run into the tank 0"“ 

^lons of oil. that is nearly 20 tons, where the whole is subjected to 

I kLiebig’^ method is regaidad by some as simply a method of refining the oil 
lit was ali Liebig claimed for it.— J. O. M. 



y 804 ? tWEi MANUFACTtmi 

agitation. In working with small quantities the requisite agitation 
may be imparted by running the oil and lead into a cask, and rolling 
it about from time to time on the floor. The oil thus treated assumes 
a reddish tint, which disappears as soon as it oxidises in contact with 
air. If the treatment has been efficient, the resulting oil is as fluid 
as the original, contains a small quantity- of lead, and dries in 24 
hours in the open air. The rationale of this process is easily seen, 
the fatty acids originally present in the oil act on the finely divided 
metallic lead, and the nascent linoleate of lead, aided by the heat 
produced by its formation, dissolves in the oil as soon as formed. It 
is advisable to introduce manganese into the oil prepared in this way. 
A salt of manganese very soluble in oil, viz. the nitrate, is added, 
say, 15 lb. for the proportions given, and the whole frequently 
stirred for two or three days, after which it is allowed to stand and 
decanted. If this oil were at once used, as it often contains an excess 
of nitrate of manganese, which deliquesces in the air, it might dry 
% dull. To obviate this, 7-^ lb. of dry precipitated oxide of lead are 
added, and the whole again subjected to agitation. After standing 
a perfectly clear oil is obtained, which, exposed to the open air in 
a thin layer, at the ordinary temperature, dries in 6 hours. During 
drying the absorption of oxygen produces, in consequence of the 
presence of oxide of manganese, a brown coloration, but the latter 
soon disappears, and finally a beautifully brilliant, perfectly dry and 
completely colourless coat is obtained. Some manufacturers using 
this process have found the oil in certain cases to be tacky, perhaps 
owing to the presence of a small quantity of glycerine. This has led 
them to heat the oil treated first with finely divided lead and then 
with a salt of manganese, and it would appear that they have 
obtained very interesting results. 

Boiling Oil Throtigh the Bung^Hole . — The American process of 
boiling oil in the cold, or, as they term it boiling oil through the 
' bung-hole, consists in simply dissolving fused linoleate of lead or 
manganese, or their rosinates, in spirits of turpentine or naphtha, 
and adding a certain amount of this solution to each barrel of raw 
oil. The painter does the same thing when he Udds “ terebine *’ to 
his pAint. 

The figures in table give. Col. L, the am'ount of metal, whether 
lead or manganese, in certain well-known driers, the weight, Col. II., 
per ton of oil, and the temperature of incorporation. The tempera- 
ture at which the drier dissolves, Col. III., should never be exceeded, 
except to hasten the process in a rational manner (Weger). 
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•TABLE GIVING INFORMATION AS TO USB OF DRIERS IN OIL 
BOILING. 




lU. 


Drier. 

I'enriitige 
<tj Mt'tal 111 
iV.nniHMvial 
Prodikf . 

Lb. p'l' 
Ton of Oil. 

Manganese peroxide, MnOj . 

, SO-bO Mil 

»• 

Hydrated manganic oxide, Mn./).,!!/) 

. 45-50 „ 

14 ( 

! „ manganese peroxide, ^iuO,d^p 

. 15-50 „ 

1* i 

1 I.itliarge, PbO 

•K4 I'b 

1 

i 

j Manganese borate .... 

. 15-20 Mil 

11-22 f 

i ,, ,, conimeivial 

. f} Ml) 

up to 1)0 

1 1*1 ecipitated manganous rosiuato 

. 7 

22-83 ( 

1 Fused manganic rosiuatc 

1 

00 

{ Ijinoleatc of manganese 
! Lead manganese rosiimto . 

10 

) H-IO l*b 
/ 1-2 Mn 

22 - 
44*-00 1 


'IViuperiituro 
Dt^gm^s C.* 


250 

lS0-2()0* 

better 

200-220 

150 

genyrally 
highor 
In the cold 
g<*noral)y 
200 anci 
higher 

Jri the cold 
generally 
1 MO- 150 


Patent Vrwrs : Concentrated Driers and Liquid Driers, — Con- 
centrate^l driers consist of the product obtained by heating linseed 
oil at 250' to 300^ C. to the consistency of sticking plaster, with a 
quantity of litharge, red lead, borate of manganese greater than 10 
per cent, and even as high as 70 per cent, of the weight of the oil. 
Sugar of lead, oxide of zinc, etc., are added to or partially substituted 
for the preceding substances. 

Concentrated driers consist of a thick viscous mass, generally of 
a deep brown colour composed essentially of fused Jinoleatc of lead, 
A good product may be made by lx)iling in a small pot 7 parts (by 
weight) of good and aged linseed oil — old baked oil — with a mixture 
of 2 parts of lithargt in powder and 2 parts of red lead. The oil at 
first assumes a beautiful red colour, which turns browuiish as the 
temperature rises. Suddenly it thickens, looking like bronze in 
fusion, whilst at the same time abundant fumes are given off. A 
sample drop spotted on a glass plate should become in a minute 
perfectly solid, with no viscosity nor tackiness whatever. It is 
thinned down with spirits of turpentine or rectified naphtha to the 
requisite consistency when required for use. Concentrated driers dis- 
' solved in benzol or spirits of turpentine are used to make “ boiled 
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il or oil “ boiled through the bung-hole ’* in the cold from raw I 
Bed oil. 

Terebim or liquid drier is made like concentrated driers, but wl 
ae pot is taken off the fire it is only allowed to cool for a 1 
iinutes, when it is thinned down with successive additions of ^ii 
f turpentine, with constant stirring. It is then passed thrbt 



poftirse lisen, and stored in olosed WdieltT Li^did driers ooMM 
therefore of linseed oil saponified and oxidised to a greater or less 
extent, i.e. heated until it will roll into pills, and afterwards dis- 
solved in spirits of turpentine. There are numerous recipes for 
making driers ; inter alia, the following : — 


Oil and Solids iu Lb. 
Turps iu Gallon!*. 


Linseed 
Boiled oil . 

Litharge . 
i Sugar of lead 
I Red load 

I Black oxide of man- j 
I gauese 
! Manganese borate 
Zinc sulphate dehy- ’ 
drates 
Umber 

Shale brown * . 

White lead, pure 
Zinc white . 

I Turps in gallons. 


1 ConcentmUHl 

1 Driers. 

Palo liquid. 


Driers. 


Terebii 

U 


J 

7 7 

i 

7 

7 j 7 

7 i 

7 7 

7 

7 

7 

! 4 



— 

— 


_ J 

— , — 

j ^ 

— 

— 

2 

2 

— 1 



j 

2 ' 

— — 

i — 

— 


1 — 

— 

2 1 


-i H 

1 i 

- , 2 

1 1 


— 

; 2 

1 

2 — 



1 

! 

1 2 



— 

i 

2 

__ 1 



— i 


1 2 — 

1 i 




— 

— 

] 

1 2 ' 2 

— ; 

j — - 




1 





_ j 

' — 

— 1 


.... 


2 

1 

^ 

1 

i 

— * — . 

— 

, — 

I 

— 

2 


— ; 

__ 




1 2 

1 


— 
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— ■ 

— ^ 

H 

— i — 

— 

j — — 


3 

— 

' — 

— 

1 — — 

— 

2 -- 



— 



, — 

2 

2 2 

1 

2 

j 2 2 

2 

2 - 

2 

2 
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In the manufacture of white liquid driers the mass does not 
become red on boiling, but white at first, and afterwards a very 
faint yellow. Liquid driers are but little used for white colours 
— solid* driers are preferred ; but with other coloured paints very 
rapid drying is effected by simply adding, say, a few parts in 100. 
Complaints are made that certain driers when added to linseed oil in 
solution as liquid driers fall out of solution after a longer or shorter 
period of time. Sometimes, however, these complaints will not bear 
investigation. Endeavours have been made by working in the cold 
to produce very pale liquid driers. One variety which is used very 
extensively is made by intimately mixing 100 parts (by weight) of 
finely pulverised sugar'^of lead with 1200 parts (by weight) of poppy- 
seed oil. This mii^ure is exposed to sunlight in a glass vessel and 
frequently stirred. There is got in this way a perfectly colourless 
oil, which, when thinned down with 260 parts (by weight) of spirits 
of turpentine, dries very rapidly, yielding a solid, durable coating. 
Hartley and Blenkinsop's drier consists of xinc oxide mixed with 
a solution of linoleate of manganese dissolved iu naphtha. One per 
cent, of manganese linoleate added to linseed oil in a dilute naphtha 
solution renders it quick drying. There is no necessity to blow air 
through it. The air will do its work very well after the oil is applied 
lo any given surface. 

Terebine , — The so-called ” terebine ** very often consists simply of 
jmpanners' gold size thinned down with spirits of turpentine. Japan- 
^fs^gold size is linseed oil boiled with litharge, red lead, sugar of 



lead and zinc sulphate until it will roll into pills, and then dissolvec 
in spirits of turpentine. Another process consists in fusing 2 parti 
of Manilla copal, which is then mixed with i part of linseed oil and 
6 parts of concentrated driers made by one of the formula giver 
above, after which the whole is incorporated with 14 parts of spirit? 
of turpentine. The bulk of the ^aste “ patent driers ** used in the 
trade consist of 90 per cent, or more of a mixture consisting of equal 
quantities of chalk, “ Paris white," and barytes, and about 10 per cent, 
or less of actual driers. When it is desired to prevent the paint from 
cracking, very good results are obtained by using spirits of turpentine 
which has simply been shaken up with litharge and decanted. A 
liquid is thus obtained which does not affect the colour, and which 
also gives a very durable coating. 

Hannay’s glycl lead linoleates and basic lead linoleates, made by 
dissolving about 2 parts (by weight) of litharge in 1 part of linseed 
oil at as low a temperature as practicable, should make excellent 
driers either per se or in turps or benzene. 

The Manufacture of Driers. 

The principal substances used as “driers" or aids in oil-boiling 
are metallic lead, Pb =* 207, oxides and salts of (A) lead, (B) manga- 
nese, and (C) cobalt. 

Lead Compounds Used as Driers?-^(1) Litharge; (2) red lead: 
(3) acetate or sugar of lead ; (4) lead borate ; (5) lead rosinate ; (6) 
lead linoleate, and either of the last two or both mixed with either 
manganese rosinate or linoleate or with both. 

1. Litharge, PbO « 223 ; Pb - 92*83 ; 0 « 7*17 percent. Manu^ 
Jacturc, When metallic lead is heated in a current of air, it is oxidised 
into massicot, PbO(Pb -{- 0 = PbO 207 + 16 = 223). 207 parts of 
oxidised lead yield 223 of massicot. When this massicot is further 
heated, it fuses, and the fused product after cooling is known as 
litharge, or, from its scaly nature, as Jlake litharge. It does not, 
however, undergo any chemical change. When buying litharge for 
use as a drier, it should be guaranteed free from massicot, also copper, 
which is often present in considerable quantity, stud acts injuriously^ 
Moreover, it should not contain unconverted metallic lead nor sand 
nor silver. 

Properties, Litharge should dissolve completely in dilute nitric 
acid and in acetic acid to a colourless solution. A green coloration 
would indicate copper. Any residue in either of these acids will con- 
sist, most probably, of sand or grit, or possibly of lead peroxide (PbO^) ; 
acetic ^cid may leave a residue of non-oxidised blue lead. When 
litharge is heated with linseed oil for some time at the temperature 
at which that oil is said to “ boil," but, more properly, at which it 

JI^Galen (a.d. 131-200) states that ** white lead and litharge thicken and dry 
— “ De Meth. Med.,“ iii., 4. 
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undergoes destructive distillation, it dissolves in the oil. In varnish- 
making and oil-boiling it is often found at the close of the operation 
reduced to metallic lead and the superincumbent oil, etc., has per- 
force been oxidised, pro rata. In such cases without doubt all its 
oxygen is seized hold of and absorbed by the “ boiling " oil. Litharge 
assists in oil-boiling in three different ways : (1) It may combine 
with any free linoleic acid in the oil at a comparatively low tempera- 
ture to form linoleate of lead, which will dissolve in the oil under 
favourable circumstances ; (2) at a higher temperature it will elimi- 
nate glycerine from the oil and oxidise the latter to acrolein, and 
combine with the liberated linoleic acid to form linoleate of lead, 
which will again dissolve in the oil under favourable conditions; 
(3) in the act of being reduced to metallic lead, it will part with its 
oxygen to the oil, and consequently by starting the oxidation process 
increase the drying properties of the oil. The drawback attendant 
on the use of litharge and all lead salts as driers is the dark colour 
which they impart to boiled oil, due no doubt to the dissolved lead 
linoleate. This dark colour is intensified by the great heat at which 
the oil must be kept for some considerable time before the litharge 
dissolves and plays its part. Another drawback attendant on the use 
of litharge and other lead salts is that the oil or varnish into which 
they enter cannot bo used in conjunction with or in juxtaposition to 
pigments consisting of or containing sulphides liable to combine with 
lead compounds to form the black sulphide of lead. Sulphur emana- 
tions similarly. Paintings or decorations injured in this way may, 
it is said, be revivified by washing with a weak solution of peroxide 
of hydrogen, which converts the black sulphide of lead into white 
sulphate of dead without materially affecting the painting in any 
other way. But this is erroneous. Thenard only used it to restore 
a white lead background, in a black crayon drawing, of Raphael. 
Such delicate colours as madder lake would be destroyed by hydro- 
gen peroxide. This black coloration is very often due to the free 
sulphur contained in the pigment, and not to the combined sulphur, 
which, looked at frgm a rational point of view, must be regarded as 
more or less stable. On the other hand, linseed oil boiled over the 
naked fire with litharge^ives an elastic, durable coat of greater lustre 
and less susceptible to dry superficially than manganese-boiled oil. 
In a word, litharge-boiled oil is more of the nature of a varnish than 
manganese-boiled oil. 

The Pharmaceutical Society requirements for litharge are that : — 

“ It shall dissolve completely in dilute nitric acid (1 ; 4) and also 
in acetic acid (B : P), and shall give no characteristic reaction on 
being tested for copper, iron, and carbonates." 

Twelve samples of litharge were obtained by Remington from 
leading manufacturers of this material, and were analysed, with the 
k' loIl<Aving results : — 
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A 

B 

C 

D] 

E 

F 

a 

Hfi 

J6 

K2 

L3 

M4 


Insoluble in Dilute HNO 3 { Insoluble in Acetic Acid 
(1 : 4) alter BoUing f* mins. | (B : P) after Boiling 5 mins. 


1 per cent. 

' l^OO per cent. 

Trace 

'28 „ „ 

„ 

'75 „ 

„ 

4-45 „ „ 

Slight trace 

'60 „ „ 

»♦ »» 

1'75 „ „ 

Trace 

' 1'63 „ „ 

■38 per cent. 

' '83 „ „ 

Trace 

•23 „ „ 

„ 

'18 „ 

•35 per cent. 

*45 „ „ 

'10 „ „ 

1-08 „ „ 


^ Bemington claims that the undernoted analyses show the posi* 

1^000°^ commercial litharges, obtainable on the English market in 
xyuy I—— 


j I ' Dl. i E. F. 

•0iK)8 I •0171 ‘ 

Trace j -0019 

•0039 I -0095 
•0370 ! ^0104 

•0120 1 -oass 
•0007 1 -0057 

•07561 . -"600 
•0056 -0057 

•0630 j -0303 
Ti*ace ' Trace 
•0690 *2180 

)9*0424 j 99 •6476 
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H5. 

J6. 

K2, 

( 

L3. 

M4. 

Insoluble (Silica) . 
Bismuthous oxide, BijOv 
Cupric oxide, CuO . 
Antimony tetroxide, SbjO. 
Ferric oxide, Fe^Og 
Alumina, ALO, 

Zinc oxide, ZuO . 
Nickelous oxide, NiO . 
Lime, OaO . 

Magnesia, MgO . 
Phosphoric acid, P.Oj . 
Lead peroxide, PbO- 
Metalllo lead . 

Lead monoxide, PbO 

1 

I 

1 ‘1249 

•0059 

•0058 

•0146 

•0338 

•1160 

•0010 

•0847 

1-1240 

98*4898 

•0700 

•0110 

Tmce 

•0190 

•0064 

•0040 

•0860 

•0060 

•0540 

•4600 

99-2836 

•0822 

•0090 

Trace 

•0010 

•0220 

•0160 

•0060 

•0680 

*0076 

Trace 

99-7902 

•1380 

•0100 

Trace 

•0068 

•0180 

•0160 

•0040 

0220 

•0043 

•2000 

99-5809 

•1220 

0310 

•0220 

•0012 

•0888 

•0084 

•0760 

•0180 

•0530 

•2880 

•3560 

98-9866 

•211 

•016 

Trace 

•010 

J -043 
-014 

•046 

*009 

•660 ; 
99im. 

^ 


1 *0890 

' -0196 

•0668 

•0468 

j *0029 

; -0052 1 

•00^2 

•0028 

i 

; -0041 ; 



___ 

‘0041 

i -0889 1 

•0080 

-0128 

•OaSOi) .nn.a! 

•0238 

! ’0288 

j *0204 

, 1 

•0064 

•0074 

' Trace 

i -0029 

Trace 

i -0032 

— ‘ 

•0001 

1 


•0804 i 

•0128 , 

•0840 

•0830 

•0043 I 

•0050 

•0060 

•0072 

•0630 1 

— ' 

•0580 

•0650 

— 1 

•0940 ; 

Trace 



• 5 : 300 ! 

4-3440 1 

•6440 

M840 

99-1669 

96-4676 1 99-1168 I 

98*6690 


Insoluble (Silica) . . ' 

Bismuthous oxide, BioOg ' 
Cupric oxide, CuO . * . j 
Antimony tetroxide, Sb«0. i 
Ferric oxide, FcgOj . l 
Alumina, AljOg ' . 

Zinc oxide, ZnO . . ; 

Nickelous oxide, NiO 
Idmo, OaO . . , i 

Magnesia, MgO . . 1 

Phosphoric acid, PjOg . 1 

Lead peroxide, PbOa . I 
Metallic lead . . .1 

Lead monoxide, PbO . j ! 





J^or rnetallurgical determinations the litharge used should of 
course be free from silver. 

2. Red Lead Minium, 2PbO, PbO^j « Pbg 04 «• 685 ; Pb « 90*2 ; 
0 « 9*8 per cent. Manufacture. — Red lead PbjiO^ is made by heat- 
ing litharge in contact with air at 300" C., a temperature slightly 
below its point of fusion. The litharge should be free from copper. 
It gradually becomes converted into a fine red known as red lead. 
The manufacture of red lead is a Derbyshire industry, and the pro- 
cess of the present day differs in no essential particulars from that 
described so vividly by Bishop Watson 125 years ago, A variety 
of red lead, made by igniting white lead, is sold as orange lead. 
Although dearer in price it is no more efficacious as a drier than 
ordinary red lead. It always contains undecornposed carbonate. 

Composition. — The red leads of commerce differ in composition 
according to the length of time they have been furnaced. However, 
the proportion of oxygen absorbed by the litharge never exceeds that 
which corresponds to the formula 2PbO, PbO^ « PbgO^. When red 
lead is heated it darkens, and then, at a temperature above 800" C., 
it gives off oxygen, becoming reconverted into litharge. Test for 
Purity, — When red lead is treated with nitric acid the two equi- 
valents of PbO are dissolved as nitrate of lead, leaving the PbOg 
behind as a puce-coloured residue which is perfectly insoluble in 
nitric acid, and only dissolves in dilute nitric acid after it has been 
reduced by the addition of oxalic acid. When this reagent is intro- 
duced into the test tube, containing the nitric acid and rod lead, 
vigorous action ensues, the whole of the puce-colouied oxide being 
converted into white crystalline nitrate, to which it is only necessary 
to add a littie boiling water for complete and instantaneous solution. 
Any residue remaining is generally barytes. Sophistication with 
ground brick is only met with in books. Red lead containing more 
oxygen perhaps in a more available state, is a more energetic drier 
than litharge, and its function as a drier is similar to what it plays 
in a storage battery. 

Other Uses. — Besides its use as a drier, red lead is used in the 
manufacture of mltches, wall paper, sealing wax, crystal glass; 
mixed with white lead m oil it is used to form a cement for steam 
joints. Red lead “ substitutes ” are of little or no use as driers. 

N.B. — 2a. Peroxide of Lead,— ‘The puce-coloured peroxide of 
lead neither acts as a drier nor a catalyst in regard to linseed oil. 
It retards drying and this fact is an insuperable stumbling-block to 
the peroxide theory of oil-boiling. This inertia may quite easily be 
explained by assuming that the affinity of the peroxidic oxygen for * 
lead monoxide is greater than for oil. 

The Use of Bed Lead as a Paint Material. — It is interesting to 
know how a substance used as a drier behaves as a paint when 
^ground in oil. Red lead is*regarded as one of the best, as shown in ^ 
|he Havre de Grace bridge tests, but to come to a correct conclusion, 



! it is necessary to know the composition of the paint and also that of 
the red lead employed. It has been maintained that a red lead con- 
taining 96 per cent, of Pb304 yielded the best protective paint, but 
from experiments carried out by the Institute of Industrial Research 
at Washington this does not appear to be the case, better results be- 
ing obtained with those containing only 86 to 90 per cent., and the 
specifications of the United States Navy have now been altered ac- 
cordingly. Gardner is of opinion that pure red lead does not react 
appreciably with linseed oil, and therefore the paint remains soft for 
a considerable time, a certain proportion of litharge must be present 
in the pigment to react with the oil and form a hard and durable 
film. This litharge must be in the pigment when it is manufactured, 
as no amount of mixing would suffice to incorporate litharge with 
red lead after it had been made. A new orange mineral which has 
recently been placed on the market is a fume pigment so flocculent 
that it occupies double the volume of red lead and yields a paint 
which is extremely smooth, durable, and elastic. This pigment is 
extremely suitable for reducing para reds for pigment manufacture. 
Ordinary rod lead is crystalline, when the crystals are broken up by 
grinding it turns yellow ; so delicate are these crystals that 10 per 
cent, of barytes cannot be added to red lead without reducing the 
colour a hundred fold. 

3. Lead Acetate (Neutral), Pb(C2H302)2 + 3H2O. Sugar of Lead, 
Molecular Weight 379.— This salt was formerly known as salt of 
Saturn, or sugar of Saturn. It is prepared by neutralising acetic 
acid with litharge. It crystallises in oblique rhomboidal prisms, 
colourless, transparent and efflorescent. It is generally met with in 
the form of heavy compact crystalline masses, somewhat resembling 
loaf-sugar. Its odour is acetous, whilst its taste is both sweet and 
astringent, its after taste is bitter and disagreeable. It dissolves in 
part of cold water and in 8 parts of alcohol. Its solution slightly 
reddens blue litmus paper, and is partially decomposed by carbonic 
acid, which at the same time liberates a small quantity of acetic acid, 
which preserves the rest of the salt from the action of carbonic acid. 

Action of Heat on Lead Acetate . — Crystallised acetate of lead 
melts at 75'5^ C., at 100'" C. it loses water p.nd a small quantity of 
acetic acid. It afterwards solidifies, but towards 280® C. it again 
melts. The dehydrated salt would appear to consist of a sesquibasic 
acetate. At higher temperatures it decomposes with disengagement 
of carbonic acid, acetic acid and acetone, leaving a residue of very 
finely divided and highly combustible metallic lead. Lead acetate is 
a very energetic drier ; perhaps much of the metallic lead found by 
varnish-makers at the bottom of their pots may come from the com- 
plete reduction of the acetate and not from the litharge often used in 
conjunction with it. 

3a. Basic Lead Acetate , — ^The so-called neutral lead acetates just 
described results from the combination of two equivalents, i.e. 120 
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parts of monobasic acetic acid with one equivalent, i.e. 228 parts of 
the di'acid base litharge. When two equivalents of a fmfwbasic acid, 
e.g. acetic acid, combine with one equivalent of a di-acid base, e.g, 
litharge, a neutral or normal salt is produced. But it is found in 
actual practice that certain neutral or normal salts, in their state of 
solution in water, can still dissolve and combine with a further pro- 
portion of base. Thus when one equivalent of neutral acetate of 
lead is dissolved in water, it combines on boiling with an additional 
equivalent of litharge to form the di-basic salt, PbA 5 jPb(HO) 2 , basic 
acetate of lead. By digesting together one equivalent of sugar of lead 
with two equivalents of litharge the tribasic salt, Ph(A)^ 2 Pb{HO) 2 , is 
produced. These basic acetates, owing to the fact that their excess 
of litharge, or, rather, lead hydrate, PbO, H.^0, is in a loose state of 
combination, easily give up this excess to weak acids, even carlwnic 
acid, as exemplified in the manufacture of white lead. Should raw 
linseed oil contain free “linoleio acid," agitation with a solution of 
basic acetate of lead will convert the former into linoleate of lead, 
and if the agitation be renewed from time to time this linoleate of 
lead will dissolve to some extent in the oil, imparting drying pro- 
perties thereto, whilst the insoluble magma produced by the action 
of the basic acetate on the colouring matter and mucilage collects as 
an insoluble slime at the bottom of the vessel. Such is the principle 
of the refining of linseed oil by Liebig’s method and the imparting 
of drying properties thereto in the cold by means of basic acetate of 
lead, a»substance the utility of which is not appreciated either by the 
varnish-maker or colour-maker to the extent to which its intrinsic 
merits entitle it, 

4. Lead, Borate, rb(B 03 ).^ -f = 310*8.“ -Precipitated borate 
of lead is a white substance made by precipitating the boracic acid 
in 382 parts (i.e, one equivalent) of borax (Na^B^O^ + 10 aq.) by one 
equivalent of a lead salt — that is to say, 331 parts of nitrate of lead 
Pb(NOj,) 2 or 379 parts of neutral acetate of lead (Pb(C 2 H 303 )j{ + 3 aq.). 
The mother liquor is filtered off, the precipitate is well washed, filter- 
pressed, and dried in the usual way. This substance combines the^,^ 
‘drying properties ot both lead and boric acid. It is said not to darken 
the oil to quite the san^e extent as other lead driers, but a sample in- 
spected by the author was the darkest sample of boiled oil he ever 
saw. Possibly the darker colour was due to the operator. Meurant, 
German patent 223,754, prepares lead borate for use as a drier by 
lusing boric acid and litharge together in molecular proportions. 

5. Bosinate of Lead , — The first stage in making rosinate of lead, 
•erroneously termed resinate of lead, is the preparation of an alkaline 
solution of rosinate of soda. Hosin being an acid of variable degrees 
of acidity, different samples require different proportions of caustic 
Alkali for neutralisation. The best plan is to add rosin gradually 

. with constant stirring to a very dilute boiling solution of caustio 
Alkali of known strength until the laitter is exactly neutralised. 




Starting from the data that every 62 parts of anhydrous sodium 
oxide (real alkali) present in solution as rosinate of soda require for 
: complete precipitation one equivalent of a lead salt, viz. 379 parts 
lead acetate or 330 parts lead nitrate, and knowing the original bulk 
of the alkaline solution used and its richness in real alkali, as deter- 
mined by the hydrometer and the usual tables, it is easy to calculate 
the amount of lead salt necessary to displace the soda in the solu- 
tion of alkaline rosinate by lead, and thus throw down all the rosin 
as rosinate of lead. 

The dilute solution of the proper proportion of lead salt is gradu- 
ally added with constant stirring to the equally dilute solution of 
alkaline rosinate ; the mother liquor is syphoned olf, the precipitated 
lead rosinate, which is further well washed, drained and dried. It 
may he heated to incipient fusion to expel water. 

6. Linoleate of Lead . — Linoleate of lead is made by precipitating 
a solution of linseed oil soft soap, made by saponifying linseed oil 
with caustic potash in the usual way. 100 lb. of linseed oil on an 
average require 19-j- lb. of pure caustic potash, equal to 16^ lb. of 
an ydroiis potassic oxide, for complete saponification (see Sap, 
Numbers). Caustic potash is sold as containing so much per cent, 
of anhydrous caustic alkali ; when pure it contains 83*9 per cent. 
It is, therefore, a mere matter of calculation, if 100 lb. of linseed oil 
require 19J lb. of caustic potash, when the strength is 83*9 per cent., 
to find how much will be required for complete saponification when 
the str ngth is 80 (or any other figure) per cent. The .soap *08 dis- 
solved in five or six times its weight of water, and the linoleic acid 
precipitated therefrom by a dilute solution of a lead salt. The exact 
proportion of lead salt for complete precipitation depends upon the 
amount and the strength of the caustic alkali used. 112*2 parts of 
pure caustic potash, equal to 94*2 parts of anhydrous potassic oxide, 
require one equivalent of a lead salt, say 379 parts lead acetate or 
830 parts lead nitrate. The lead salt solution is added gradually to 
the soft soap solution with constant stirring. The mother liquor is 
syphoned off the precipitated lead linoleate, which is then further 
washed, drained and dried. Heat after drying to'^inoipient fusion to 
expel last traces of water. , 

Pyrolusite. Peroxide of Manganese, MnO^. — This is the oxide 
which most commonly occurs native, and is resorted to as the source 
, of the other combinations of this metal. In this country it is common 

Devonshire, Somersetshire, and Aberdeenshire. It is found in 
a variety of forms : compact and massive, pulverulent and crystallised. 
Many of the latter varieties have a grey metallic lustre, and are found! 
acicularly radiated, and in rhomboidal prisms. Its specific gravity 
varies between 4*8 and 4*9. It is the pyroltmte ^ of mineralogists. 


} » fire, and xiw to $et free, or loosmi : from the fadlity with whiol^j^ 

i of its oxygen is expelled by heat : or, according to Graham, from tvp and Xoitir 
ifiiuh, from its nse in disoharging the colour of glass. 



The following analyses of five samples of native peroxide 
manganese are given upon the authorities of Berthier (I., II., III.),. 
Klaproth (IV.), and Turner (V.). 


ANALYSES OF NATIVE (PEROXIDE OF MANGANESE) PYROU1SITE. 


i 

i 

I. 

II. III. 


V. 

Peroxide of mangauese .... 

98-8 

84-0 72-7 

90-6 

97-8 

„ „ iron 

1-0 

2-0 1-0 

0-0 

0-0 

Oxide of copper 

trace 

trace trace 

0-0 

0-0 

Oarbonate of lime 

0-0 

y-0 24-0 

0-0 

0-0 

Silica 

40 

4-0 1-2 1 

0-0 

0-6 i 

Baryta 

0*0 

I 0-0 0-0 i 

0-0 

0-6 i 

Water 

1-2 

1-0 M 

0-5 

1-2 1 


100-0 

100-0 100-0 i 

i 

100-0 

j 

100-0 


Under the name of manganese, this substance is mot with in com- 
merce, and is largely consumed in the manufacture of bleaching 
agents. In the laboratory, it is resorted to as a source of oxygen 
gas, 2Mn0.2 Mn^O^ + 0 , for which purpose it should be well 
dried previous to introducing it into the retort : sometimes it is mixed 
with carbonaceous matter, and then yields carbonic acid : it also 
generaMy gives off a little nitrogen upon the first application of heat„ 
the source of which is not obvious. Carbonate of lime, silica, oxide 
of iron, and some other substances, are, as the above analyses 
indicate, npt infrequently present, and lower its value pro rata 
associated with it. In the arts it is used to give a black colour to 
earthen-ware, and to remove the green colour which glass derives 
from protoxide of iron ; for this purpose it is added in such quantity 
only as to peroxidise the iron, by becoming itself pratoxide, and 
neither the peroxide of iron nor the protoxide of manganese, which 
remain, materially interfere with the colour of the glass : in this casoi 
MnOg, acting on SIt'eO, produces MnO and FcgOj. A little excess 
of oxide of manganese is apt to give the glass a pink tint, which as is 
sometimes seen in plate glass windows, does not appear till after 
long exposure to light. This oxide is also said to sweeten foul water* 
or to prevent its becoming putrid. It usually loses weight (water)* 
on being dried at a temperature not exceeding 3 (X)° ; at a red-heat it;, 
becomes sesquioxide ; and, intensely heated in an iron tube, or with 
a minute quantity of carbonaceous matter, part of it becomes pro-: 
toxide. It is not altered by air or water. It is a good conductor of , 
electricity. It forms no combinations with the acids ; but such ^ 
them as appear to dissolve it, reduce it to the state of protoxide*" 
Sentiy heated with hydrochloric acid, chlorine is liberated, iifr 
Ibpse^uence of the decomposition pf the acid by the oxygen of 
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Oxide. MnOg + 4HCI ^ MnCl2 + SH^O + Clg. Boiled with sul- 
phuric acid, oxygen is evolved, and a soluble sulphate of the protoxide 
is formed, [MnO^ + SO3 » MnO, 8O3 + 0], together with a small 
portion of manganic acid, (which gives the solution a pink colour 
«ind bleaching properties ?) Nitric acid does not attack it unless it 
•contains sesquioxide, or some deoxidising agent be at the same time 
present. Many vegetable acids decompose it by the aid of heat. 

As binoxide of manganese is extensively used by the bleacher, 
and as it occurs of various degrees of purity in commerce, a ready 
mode of determining its value, or in other words, the quantity of 
-oxygen per cent, which it contains, is desirable : this may be effected 
an various ways, but it is generally attained by ascertaining its 
power of decomposing hydrochloric acid and evolving chlorine : to 
this end the oxide to be tested is mixed with hydrochloric acid, and 
heated, and the evolved chlorine is received into a jar containing 
lime diffused through water, by which a chloride of lime is formed ; 
the quantity of chlorine is then determined by the process already 
described. Other modes of testing this oxide have been suggested 
(see Kane’s “ Elem. Ch.,” 5d0. Graham, 536. Levol, “ Chem. Gaz.,” 

, April, 1843). 

Pure peroxide of manganese is sometimes useful as a test of the 
presence of iodine, bromine, and chlorine : when mixed with a salt 
containing iodine, and the mixture heated with a little sulphuric 
acid, the violet vapour of iodine is evolved ; the salts of bromine give 
in the same way a brown vapour ; and from the chlorides chlorine is 
evolved. 

Sulphate of Manganese. Manganous Sulphate. — This beautiful 
rose-coloured salt is formed, (1) by dissolving the protoxide or proto- 
•oarbonate in dilute sulphuric acid, and evaporating ; (2) by mixing 
peroxide of manganese into a paste with sulphuric acid, and heating 
it for some time to dull redness ; oxygen is evolved, and the dry mass 
washed with water affords a solution of the sulphate of the protoxide, 
which may be crystallised by evaporation. This salt is much used 
in dyeing and calico-printing, for which purpose it is prepared by 
igniting ” peroxide of manganese mixed with 'about one-tenth its 
weight of pounded coal in a gas retort, A little HCl is added towards 
the end of the operation. The protoxide thus formed is dissolved in 
diluted sulphuric acid with the addition at the end of a little hydro- 
ohloric acid ; the sulphate is evaporated to dryness, and again heated 
to redness in the gas retort ; the iron is found, after the ignition, in 
the state of peroxide, and insoluble, the persulphate of iron being 
decomposed, while the sulphate of manganese is not injured by the 
tempemture of ignition, and remains soluble. The solution is of an 
Amethystine colour, and does not readily crystallise. When cloth 
is passed through sulphate of manganese and afterwards through 
a caustic alkali, protoxide of manganese is precipitated upon it* and 
arapidly becomes brown in the air ; or it is at once peroxidised 



|)a8sing ^e clo^ through a solution of chloride of lime. The col6hr 
thus produced is called manganese brown (Ginham). 

Sulphate of manganese, as obtained by gentle evajx)ration from 
the neutral solution, forms rhombic prisms which contain 4 atoms 
of water. When the crystals are formed between 45'’ and 68^ F. 
they contain 5 atoms of water, and are isomorphous with sulphate of 
copper; and when formed under 42" F. they include 7 atoms of 
water, and are isomorphous with sulphate of iron (Mitscherlich). 
And lastl]y. when a concentrated solution of sulphate of manganese 
is mixed with sulphuric acid, it yields on evaporation small gninular 
crystals containing only 1 atom of water. The solubility of sulphate 
of manganese varies with its water of crystallisation ; blit, according 
to Brandes, the anhydrous salt is soluble in 2 parts of water at 
60" F. and in its own weight at J22' F. ; at a higher temperature its 
solubility diminishes. It is insoluble in alcohol. The tiiste of sul- 
phate of manganese is styptic and bitterish, and the crystals have 
generally a slight tinge of pink. At 240^ F. they lose 8 atoms 
of water, but retain 1 until heated above 400"; at a red*hoat the 
salt becomes anhydrous, and in that state consists of the mono- 
hydrated salt MnSO^ +II 2 O « 1 09, which is greyish-white in 
colour, and is the starting-point of the manufacture of all man- ' 
ganese driers. 

Mantjanefic Accialc . — This salt is manufactured by double 
decomposition between acetate of lime and sul])hate of manganese 
in equi^^lent proportions. 

The reaction is as follows ; — 


Ca(A).j + , MiiSO^== CaSO^ -f MniX),. 

Calcium acetate ^langauese sulphate Calcium hul])hate Manganese acetate 

The brown acetate of lime may he used. A solution of acetate 
of manganese marking 22" Twaddell, specific gravity J TIO, is used 
in oil-boiling by steam in the pro}>ortion of 86 gallons to 10 tons of 
oil in conjunction with a small quantity of lead driers, the greater the 
proportion of whiclf the darker is the resultant boiled oil (see Vin- 
cent’s process of oil-lx>iling by steam, for which process this drier 
is especially applicable).* 

Hydrated Peroxide of Manganese . — Any sulphates or chlorides 
which may be present in small quantities are deternained. If the 
hydrated oxide does not contain a large quantity of peroxide of 
manganese, it is worthless, and points to faulty washing. One or 
two per cents, of lime are harmless, larger quantities injurious. 
Besides the Mn content, the available oxygen is also determined. 













Mn. 

Avail- 
able 0. 

MnOj. 

Md^Oj. 

MnO. 

Oxides 

of 

Man- 

gaue-se. 

Hydrated peroxide of man- 
ganese .... 

A 

38*11 

10*14 

49*37 

10*43 


.69*80 

I Hydrated peroxide of man- 
ganese .... 

B 

63*67 

10*87 

33*33 

46*82 


80*15 

Hydrated oxide of man- 
ganese .... 

C 

44*05 

11*05 

50*51 

17*41 j 


67*92 

' Hydrated oxide of man- 
ganese .... 

D 

51*31 

8*59 

1 

12*23 1 

62*60 


74*88 

Hydrated oxide of man- 
ganese .... 

E 

52*63 

5*55 

1 __ ! 

54*83 

18*66 

73*49 

Hydrated protoxide of man- 
ganese .... 

P 

51*70 

5*32 

1 1 

1 

52*54 * 

19*62 

72*06 


Manganese Borate , — This is prepared by precipitating a solution 
of 382 parts, i.e. one equivalent of borax, Na^B^O-lOaq., with 169 
parts, i.e.' one equivalent of the monohydrated sulphate of manganese, 
MnSO^, H^O. The sulphate of manganese should be free from iron 
and the borax from excess of alkali. The iron may be removed from 
the sulphate by roasting the sulphate and redissolving. If the chloride 
be used enough soda is added until the precipitate becomes w'hite and 
the filtrate precipitated by borax. The excess of alkali may be 
neutralised by the addition of the requisite quantity of boracic acid. 
Precipitation should be effected in the cold. This substance, w hen pure 
and skilfully prepared, is a perfectly white powder, but w^hiteness is 
not a guarantee of purity, as it is often most grossly sophisticated with 
sulphate of lime, zinc oxide, etc. More samples contain lime either 
as borate or sulphate ; a few per cents, does no harm if the borate is to 
be used for oil boiling, Where a high Mn content is indispensable 
a larger quantity is injurious. But such a drier may still be used for" 
powdered siccatives where the drier mixed with a large bulk of inert 
matter is added direct to the paint. It is sometimes very unskilfully 
prepared. Some commercial samples submitted to J. G. McIntosh 
(or analysis consisted of mere mechanical mixtures of sulphate of 
manganese and borax almost entirely destitute of dr}dng power. 
Endemann and Paisley found the followmg percentages in four 
samples : — 

1. Boric acid, 39*86; manganous oxide, 12*00 

2. „ „ 40*18; „ 16*19 

3. „ „ 37*38; „ „ 31*06 

4. „ „ 11*09; „ „ 6*43 

This salt is also made by acting on borax with manganous chloiide 
and is supposed to be represented by the formula MnB^O^, but the 
washing with water to get tid of the sodium chloride partly decompose 
4t| and the salt is apt to turn brown from oxidation. Many 


ti^urer^ use a large excess of borax, and simply dtStf %© 
without washing it. It often contains therefore 10 to 30 per cent, of 
sodium sulphate or sodium chloride. In the above analyses No, 3 
was a washed product which had been bleached with sulphate of 
sodium. No. 4 contained rosin. When manganous sulphate is used 
in the manufacture of bomte of manganese the yield is less than with 
the chloride, as the sodium sulphate dissolves the manganese borate, 
Weger found the Mn content to vary greatly, 22 per cent, of Mn 
being the highest in the white article. The composition is not 
MnB^O^ but more likely 2MnO , By I'eaoting on man- 

ganous sulphate with the equivalent quantity of borax Kndematm 
and Paisley obtained precipitates which, in two cases, contained 
26*78 and 28*82 per cent, of manganous oxide and 42*36 and 89*69 
per cent, of boric oxide (B._j 03 ). If the salt were MuB^Oj. the 
amounts of B^O^ for these two percentages of manganese should 
be 52*8 and 56;^ per cent, respectively. They recommend the 
following process for the manufacture of borate of manganese : 
Manganous chloride is precipitated with borax mixed witli enough 
caustic soda to double the amount of soda present. The precipitate 
is washed twice with a little water. The loss of boric acid is found by 
analysing the wash water, and is replaced by n)ixing solid l)orio acid 
with the nearly dry precipitate, and diying the mixture thoroughly. 
It may then be regarded as MiiB^O-, with either three or five mole- 
cules of water. Borate of manganese prepared in this way gave 
capital^results as a drier. 

Manganese Oxalate . — Manganese oxalate is made by precipi- 
tating a solution of oxalate of soda by a manganese salt. In boiling 
the oxalic acid of the manganese oxalate is decomposed with evolution 
of COjj, etc. * Very energetic oxidising properties are claimed for the 
residual manganese. 

Glycerinated Borate of Mawjanese as a Drier. — II. Rutgers acts 
on the principle that manganese liorate dissolves in glycerine, and 
less drier need be used when such a solution is added to linseed oil. 

Majiyanese Nitrate . — Amongst other inorganic manganese salts 
the nitrate is the bust ; when added to hot linseed oil it decomposes^ 
with separation of an oxide, the gaseous particles of which convert the ! 
oil at 150® to 170® C. into a boiled oil. 

The only organic acid salt of manganese used as a drier in actual 
practice is the acetate which is used in aqueous solution in oil boiling 
by steam, the high price of which is compensated by the small 
amount required. 

Manganese Linoleate . — Manganese linoleato is made in the 
eame way as lead linoleate. A linseed oil soft ^ap is precipitated by . 
a solution of the monohydrated sulphate of manganese, 169 parts of 
which, or one equivalent, are equal to 112*2 parts, or two equivalents^ 
<pf p^re caustic potash which contain 83*3 parts of anhydrous potassiqi! 
4 mde (the percentage ol real alkali contained in pure caustic potash))^; 
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r “‘P°“!'’®‘“‘°“- '‘ « easy to make the necessary cal 
culatmn when working with potash of any strength different from 
the pure, viz 83-3 per cent, of real alkali. Or potash lye of a certain 

ain(.d fiom the customary tables and the gravity as indicated by the 

IwTor' P°*ash equil to 

IH lb. of real alkali must be used, starting initially with a weak 

solution and hnishmg with a more concentrated. The soft soau of 
commerce contains about 50 per cent, of water, and though often 
made from linseed oil is not invariably so, and, moreover, it is giossly 
adulterated with starch, silicate of soda, and so on. The varnish- 
rnaker who makes his own driers should, therefore, make also his 
own soft soap. Manganese linoleate is precipitated, washed, pressed 
and dried in the same way as lead linoleate. 

liosinate nf Miwi/anm.-Bosinate of manganese is made in 
the same way as lead rosmate; for every 80 parts of pure caustic 
soda (containing 02 parts of pure anhydrous alkali sodium oxide) 
presen in the solution of rosmate of soda, 169 parts of monohydrated 
sulphate of manganese are required for precipitation. Mixed rosin- 
ates ot manganese and lead and mixed linoleates of manganese and 
lead, as well as mixed rosinates and linoleates of both lead and 
manganese, can easily be made in the wet way, e.L^ : The latter 
mixed drier is made thus. Saponify equal weights of rosin and 
linseed oil and precipitate by a solution of a mixture of the acetates 
or nitrates ol manganese and lead in molecular proportions 'or the 
manganese salts may he precipitated by MnSO,, and the mother 

>1 Ml precipitated by 

I b(.\),. This complex product after fusion and solution in turps 
m a fine drier. It can of course after fusion be dissolved in linseed 

Fused rosinates and linoleates are made by dissolving the oxides 
M lead and manganese in rosin or in linseed oil respectively The 
proportions may be calculated as follows: As the atomic weight of 
IvHO 561 IS to the saponification value of the cosin or linseed oil 
lay 17-0 and 19-u per cent, respectively, so is half the atomic weight 
if litharge lil o and manganese dioxide ■13'5 to the amount of 
itharge or manganese required per cent. Commercial raw materials 
re often grossly adulterated. 

Although the above is correct in theory, practice determines that 
osin m a state of fusion is incapable of absorbing the above mentioned 
xides sufficiently for total saturation of its acid content. Indeed the 
rorking quantities are far below those of the theoretical figures as 
le following must prove ^ ' 



SHOWING AHPBOXIMATB IHwyilw ' 

AND MANGANESE OXIDES. 


Product. 

1 Rosin, 

; Parts by 

Litharge, PbO, 
Parts by 

HangoiuMe, MnO«, 
f^rts by 


1 Weight. 

1 

Weight. 

Weight. 

Lead rosinate 

■"1 : 

. 1 lOO 

12 


Manganese rosinate 

. ' 100 


6*6 

Lead and manganese rosinate 

. . 100 

! i 

. G 

2 


Bosinates of Manganese and Lead , — The true rosi nates of man* 
ganese and lead are made not by saponifying rosin but by saponify* 
ing Kucb hard resins as copal by caustic soda and reprecipitating bj 
a salt of lead or manganese. They form interesting compounds, but 
they are even more intractable as far as solution in oil is concerned 
sthan the original resins (not rosin) from which they are derived. 

In 1891 F. H. Thorpe determined the effect of tempi^rature and 
•of various driers on linseed oil during boiling. 

He used Calcutta raw linseed oil. It was a very pale yellow 
•colour, and cold pressed. In each experiment 50 c.c. was used, 
put into a tube of thin Bohemian glass, and plunged with several 
•others into a sand-bath, the sand reaching half-way up the con- 
tents of the tube. During boiling the contents of the tubes were 
'Stirred. The drier, before being introduced into the oil, was rendered 
anhydrgus. The best results were got by heating the sand-bath up 
to between 230*’ and 275'' C. (446® to 527® F.). After heating, the 
•quality of the oil was assessed by covering small plates of glass with 
it and allowing it to dry in a ventilated room. The varnish was con- 
sidered dry When it could be touched without leaving hnger-marks 
upon it. The table on p. 322 gives the results obtained. Some of 
them do noi seem altogether in accordance with results obtained on 
the large scale. But results obtained by heating tubes in sand can 
hardly be regarded as comparative. Again, the influence of mass 
•oil boiling makes itself felt as in other chemical operations. Mere 
laboratory experiments can only serve as a rough guide. 

Davidson in his report of what was practically a repetition of the 
above experiments in a cdpper dish claims, but in nowise proves, that 
he dissolved 2 per cent, each of litharge, red lead, and lead acetate 
in the oil in 20 minutes at 260® C., without finding any metallic 
residue, any metallic oxide residue, nor other insoluble ! He gives 
no analysis of the boiled oils, and his statement, which flatly con- 
tradicts the practical experience of thousands of others, must be 
taken with more than the usual amount of reserve and caution 
for any credence to be given to Davidson’s assertion. Lead driers 
leave a residue of metallic lead on the bottom of the pot. 

TJ^ Manufacture of Bosinates and Linoleate8,---The manufae- 
tore of metallic rosinate driers affords ^ good opportunity of showing^ 
^':voL, I. ,21'“' ■ 
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Siccative. 



>.2 

■so 

.sl 

o 


taken to 
Hours). 

Appearance of the 

Dry Coat. 




fl 0 

ti 

a 

H 

a 

& 


Litharge 



L-0 

2i 

220 

13 

Almost colourless. 



0-2 

2i 

250 

10 


Peroxide of lead 



0*8 


250 

10 

U tt 

Strongly coloured. 



1-072 


220 

several 






days 

Chloride ,, 



1-274 


250-360 

24 

Slightly „ I 

Red lead 



1-024 


220-285 

24 

Strongly „ 

Oxalate of lead 



1-328 


300 

did not 






dry 


Tartrate ,, 



1-0 


270 

24 

Slightly ,, 

Acetate ,, 



1-40 


270 

12 

Borate ,, 



i-ia5 

H 

220-300 

20 

,, ,, 

Carbonate ,, 



1-107 

2 

225 

10 


Oxide of zinc 



0-5 

H 

250 

45 

Almost colourless. 

Sulphate ,, 



1-087 

285 

45 

Yellow. 



1-5 

2 

230 

45 

Acetate ,, 



1-0 

! 2i 

235-280 

40 

Colourless. 

Borate ,, 



1-0 

2 

240 

40 

Almost colourless. 

M 



0-5 

14 

240 

46 

,, ,, 

>t M 



0-5 

H 

240 

46 

,, ,, 

Citrate ,, 



1-5 


230 

36 

»> n 

Acetate of manganese 


1-0 

225-250 

20 

Colourless and hard. 

Borate „ 



1-025 

4 

220 

20 

Sulphate „ 



1-72 

2 

240 

40 


Oxalate ,, 



1-Ot 

2 

230 

40 

Strongly coloured. 

Acetate ,, 



0-5 

2 

225-250 

20 

Borate ,, 



0-5 

1 

230 

20 

Colourless. 

Acetate ,, 



0-5 

H 

225-250 

20 

„ 

Oxalate ,, 



1-5 

24 

230 

36 

,, , 

Sulphate ,, 



1-5 

24 

240 

36 

Yellow. 

Oxalate ,, 



1-0 

2^ 

240 

48 

Citrate ,, 



1-5 

14 

230 

24 

Black. 

Tartrate ,, 



1-0 

24 

230 

24 

Colourless. 

Formiate ,, 



1-0 

1 

200 

24 

Slightly coloured. 


THE AMOUNT OF METALLIC OXIDE ACTUALLY DISSOLVED AND 
HELD IN SOLUTION PER CENT. BY CERTAIN OP (1) THE LEAD 
AND (2) THE MANGANESE BOILED OILS. 



Quantity 

of 

Drier. 

Lead on Manganese par Cent. 

Drier, 

Calcu- 

Found. 



lat.*d. 

I. 

II. 

Lead carbonate 

„ acetate 

Litharge 

Lead borate ... - - • 

Manganese sulphate .... 

„ borate . . . * . 

„ acetate .... 

tartrate .... 

• ;• : . 

1-197 
1-466 
' 0-200 
! 1-105 
1-720 
1-620 
0‘600 
1-600 

2-030 

2-230 

0- 406 
2-030 

1- 870 

2 - 060 
0-847 
0-670 

1-392 

1-396 

0-244 

0-982 

0-045 

0-208 

0-248 

0-049 

1-477 
1-338 
1-338 
0-998 
0:038 
0-190 , 
0-080 , 
0-048' 

■ ,, M ? 

JiiVXirilfyi f 
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the tx)or place taken by Germany in oil colour tiade progress. In 
no department of chemical industry as in the oil and colour trade 
is the absolutely false idea so prevalent that we owe any great im* 
provement to Germany and the Germans. All our knowledge about 
driers, their methods of manufacture, and the principle of their use 
has for several decades been credited to Germany, whereas the 
knowledge, if not our own, comes to us direct from Fnince. Ger- 
many has not made one single improvement in the industry since or 
before it became an Kmpire — since or hefort; 1870. Chevreul,t a 
Frenchman, Jean, another Frenchman, and Barruel, another French-. 



Fro. 81.— Steam-jacketed pan for use in making rosinato of soda, rosin soap, and 
fitted with revolving chain agitator. 

• 

man, and Zinckowicz, evidently a Polish refugee living in Paris, all 
knew as much or mor3 rdjout driers and their catalytic actions and 
functions than any German does at the present day. Jean and 
Barruel and Zinckowicz were experts in the use of l)orate of man- 
ganese. So also was our own Vincent, who boiled oil by steam in 
Milford Lane, Strand, prior to 1870 with a manganese cum lead 
drier. 

All German books on oils are conspicuously silent on the fact 
that both rosinate and borate driers originated in France, and were 
the invention of the Polish refugee Zinckowicz. Be it well under- 
stood J.hat this Zinckowicz made borates, benzoates, and urobenzoates 
(hippurates) of not only manganese, bat also of nickel and cobalts 
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The renaissance of cobalt driers, half a century after Zinckowicz, 
was hailed as the advent of new and hitherto unknown driers, and 
again put down to the Germans ! 

Benzoate of GobalL Zinckowicz* s Method of Preparation.-— Ben- 
zoic acid is dissolved in boiling water, and the stirred liquor is 
gradually mixed with powdered cobalt carbonate until all effervescence 
ceases, and blue litmus does not turn red in the liquor. The excess 
of carbonate is separated by filtration, the liquor is evaporated to 
dryness, and the heating is continued until the salt has lost all its 
water and has become of a light brown colour. Zinckowicz evidently 
knew that hydrated organic driers do not dissolve in oil. The salt 
thus prepared is an amorphous hard and brownish material, which 
may be powdered like rosin, and which may be kept in the pulverulent 
state in any climate simply folded in paper. The Mn drier presents 
nearly the same physical characteristics as the cobalt salt; applied 
under the same conditions, it dries a little more rapidly and a little 
less is needed. The benzoate of manganese is prepared in the same 
manner by substituting MnCO^ for CoCO^. An experiment by 
Zinckowicz with this drier showed that in the ratio of 3 lb. to 1000 
lb. of linseed oil mixed with about 1200 lb. of zinc white, a piece of 
painting was dried in from 18 to 20 hours. The temperature was 
relatively cold and wet and between 12'" and 15° C. 

Cobalt Borate. — A soluble salt of cobalt ; the sulphate, for instance, 
is dissolved in cold water, and this solution is precipitated by a cold 
one of borax. The precipitated borate of cobalt is collected on cloth 
filters, washed with cold waier, and dried in the air. 

The chief, if not the only acid existing in common rosin, is a di- 
basic acid which has been termed sylvic, pimaric, and abietic acid, 
and different observers have ascribed to it different formulae and 
different molecular weights. Mach gave it the formula CjqH. 2802 , 
with the molecular weight of 288. On the other hand, Fahrion 
named what he claims to be the same acid, sylvic acid, with the 
formula C 20 H 30 O 2 , with the molecular weight 302. As the acid of 
rosin is dibasic, i.e. its displaceable hydrogen requires 2 atoms of 
a monad metal to replace it, it follows that 112*2 parts of KHO are 
required to saturate 1 molecule of the free acid in rosin. But 
there are other substances in rosin besides its free acid, which con- 
tsume potash before complete saponification occurs, viz. rosin ethers. 
So the saponification number of rosin is always higher than its 
acid number. 

Manufacture of Bosinates. — The first stage in the manufacture of 
rosinates is the manufacture of rosinate of soda, and if too little or 
too much alkali be used to saponify the rosin, the soluble drier made 
from such rosinate of soda will be liable to contain free rosin on the 
one hand, or an excess of base on the other. When carbonate of 
soda is used in excess, the carbonate of the metals forming the . 
rosinates or linoleates is precipitated on to the rosinate or linoleate^i 
As the precipitated carbonates of lead and manganese are bo^ 
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energetic driers, possibly little harm is done by a slight excess. 
When canstic soda is used, any excess of the latter combines with 
the metal of the precipitating salt to form a hydrate, and here again 
little, if any, injury is caused to the resultant drier. The first thing 
to do, therefore, is to determine the saponification value as described 
elsewhere. 

COMBINING WEIGHT OF DIFFERENT SAMPLES OF AMERICAN 
ROSIN. (EVANS AND BEACH.) 


No. 

Grade, 

1 (Xtmbiuing 

1 Weight. 

No. 

Gra<l<'. 

Conibiinjig 

Weight. 

1 

W. G. 

I 32H-‘> 

9 

K. 

365-r> 

2 

F. 

33.3-5 

10 

1. 

355-9 

3 

M. 

1 .3.34-5 

11 

H. 

354 -G 

4 

N. 

. .351-4 

12 

G. 

3.54-9 

5 

W. W. 

3,31) 

13 

F. 

330-8 

G 

W. G. 

.344-5 

14 

E. 

347-9 

7 

N. 

347-5 

15 

D. 

340-9 

8 

M. 

i 333-8 

IG 

C. 

350-8 


Evans and Beach found that the combining weight of rosin varies 
widely in both directions from that given by Twitchell, and what is 
more disappoituing is that the grade, which is largely determined by 
the colour, has little or no relation to the combining weight. 

The molecular weight of sylvic acid with the formula is 

• C 20 x 12 240 

II .so X 1 so 

Oa S2 


S02 


In determining saponification values of both rosin and linseed oil, 
cheese-paring calculations are absurd and shall not be indulged in 
here. The same remark applies to the saix)nification of linseed oil,^' 
The following table of alkali required to saponify oils of a mean 
molecular weight is calculated to the second decimal place of a litre 
for as much as 10 i^etric tons of oil : — 



Litres of 
Caustic Altcali, 

8p. Gr. 1*1. 

1 Litres of 

Caustic Alkali, 
8p. Or. 1-2. 

Litres of 
(.austic Alkali, 
Sp. Gr. 1-.3. 

Litres of 
Caustic Alkali, 
8p. Gr. 1-.355. 


NaHO. 

KHO. 

NaHO. 

KHO. 

NaHO. 

KHO. 

NaHO. ’ KHO. 

1000 

1461-40 

1482-66 

658-06 

742*81 

397-54 

486*13 

319-11 1 408-.54 

2000 

2922-81 

2965-12 

1316-12 

1449-61 

796*07 

970-27 

628-23 807-08 

3000 

4384-21 

4447-67 

1974-18 

2174*42 

1192-61 

1465-40 

957 -.34 1 1210-61 

4000 

6846-62 

5980*28 

2682-24 

2899-22 

1690-14 

1940-53 

1276-45 ; 1614-16 

6000 

7307-02 

7412-79 

3290-80 

.3624-08 

1987-68 

2425*67 

1595-57 2017-69 

6000 

8768-42 

8896-85 

3948-35 

4848*84 

2.386-21 

2910-80 

1914-63 : 2421-23 

7000 

10229-83 

10877-91 

4606-41 

6078-64 

2782-75 

8395-93 

2238-79 j 2824-77 

80QP 

11691-23 j 

11860-46 

5264-47 

6798-45 

8190-28 

3881-06 

2562-90; 8228*80 

90db 

13152-64 j 

13343-02 

6922-58 

0528-25 

3577-82 

4366-20 

2872-02 8681-84 

10000 

14614-041 

14825-58 

6580-69 

7248-06 

3976*85 

4851-38 

8191-18 4035-3$ 
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STRENGTH OP SOLUTIONS OF CAUSTIC POTASH ACCORDING TO 
BAUMl^’S HYDROMETER, WITH EQUIVALENT READING ON 
TWADDELL’S SCALE. 


Density. 1 

j 

Banmo | TwfuWel 

100 Ll>. 
Contain 
in Lh. 

100 Lb. 
Contain 
in LI). 

100 Gallons 
Contain 
in Lb. 

100 Gallons j 
Contain [ 
in Lb. 1 




K.,0. 

KOH. 

KaO. 

KOH. j 

1*007 

1 

1*4 

0*7 

0*9 

7 


1*014 

2 

2*8 

1*4 

1*7 

14 

17 i 

1*022 ; 

8 

4*4 

2*2 

2*0 

22 

20 1 

1*029 

4 

5*8 

2*9 

3*5 

30 

30 

1*087 

5 

7*4 

8*8 

4*5 

89 

40 

1*045 

6 

9*0 

4*7 

5*0 

49 

58 ' 

1*052 ! 

7 

10*4 

5*4 

0-4 

57 

07 1 

1*000 

8 

12*0 

0*2 

7*4 

00 

78 

1*007 

9 

18*4 

0*9 

8*2 

74 

88 

1*075 

10 

15*0 

7*7 

9*2 

88 

99 i 

1*088 

11 

10*6 

8*5 

10*1 

92 

109 

1*091 

12 

18*2 

9*2 

10*9 

100 

119 1 

1*100 

13 

20*0 

10*1 

12*0 

111 

132 ' 

1*108 

14 

21*0 

10*8 

12*9 

119 

143 ! 

1*110 

15 

28*2 

11*0 

13*8 

129 

153 

1*125 

10 

25*0 

12*4 

14*8 

140 

107 ' 

1*184 

17 

20*8 

13*2 

15*7 

150 

178 1 

1*142 

18 

28*4 

13*9 

10*5 

159 

188 I 

1*152 

19 

80*4 

14*8 

17‘() 

170 

208 ; 

1*102 

20 

82*4 

15*0 

18*0 

181 

210 { 

1*171 

21 

84*2 

16*4 

19*5 

192 

228 i 

1*180 

22 

30*0 

17*2 

20*5 

203 

242 i 

1*190 

28 

88*0 

18-0 

21*4 

214 

255 1 

1*200 

24 

40*0 

18*8 

22*4 

220 

209 1 

1*210 

25 

42*0 

19*0 

28*3 

287 

'• 282 

1*220 

20 

44*0 

20*8 

24*2 

248 

295 

1*281 i 

27 

46*2 

21*1 

25*1 

m 

309 

1*241 ! 

28 

48*2 

21*9 

1 26*1 

272 

324 

1*252 i 

29 

50*4 

22*7 

1 27*0 

284 

338 

1*203 i 

80 

52*6 

23*5 

28 0 

297 

353 

1*274 ! 

HI 

! 54*8 

24*2 

, 28*9 

808 

368 

1*285 ' 

32 

1 57*0 

25*0 

■ 29*8 

321 

385 

1*297 

38 

59*4 

25*8 

! 30*7 

335 

398 

1 *808 

34 

01*6 

20*7 

31*8 

349 

410 1 

1*820 

85 

04*0 

27*5 

i 32*7 

303 

432 i 

1*882 

86 

06*4 

28*8 

1 33*7 

877 

449 : 

1*345 

37 

09*0 

29*8 

i 34*9 

394 

469 1 

1*357 i 

I 38 

71*4 

30*2 

1 35*9 , 

410 

487 ! 

1*870 

39 

74*0 

81*0 

i 36*9 

425 

506 i 

1*383 

40 

76*6 

31*8 

1 37*8 

440 

522 1 

1*397 

41 

1 79*4 

32*7 

f 38*9 

457 

543 j 

1*410 1 

i 42 

82*0 

33*5 

1 39*9 

472 

563 

1*424 

43 

84*8 

84*4 

40*9 

490 

582 ! 

1*488 

44 

87*6 

35*4 

42*1 

609 

605 

1*453 

i 45 

90*6 

36*5 

43*4 

530 

631 

1*468 


98*6 

37*5 

44*6 

649 

655 

1*483 

1 47 

96*6 

38*5 

45*8 

671 

079 

1*498 

1 48 

‘ 99*6 

39*6 

47*1 

593 

706 

1*514 

1 49 

; 102*8 

40*6 

, 48*3 

615 

731 

1*530 

60 

1 106*0 

41*5 

1 49*4 

635 i 

756 ! 

1*546 

51 

109*2 

42*5 

1 50*6 

655 

779 

1*563 

52 

112*6 

43*6 

1 51*9 

681 j 

811 

1*580 

63 

116*0 

44*7 

58*2 

706 1 

840 

1*697 

54 

119*4 

45*8 

54*6 

731 

870 

1*616 

65 

I 123*0 

47*0 

1 55*9 

754 

902 

1*684 

66 

126*8 

48*3 

i 67*6 

789 

J 
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It only aggravates matters when these cheese-paring calcnlations 

the w^ork of a man who prides himself on being an eminent 
scientist — which shows that one may take a scientitio man as a 
guide and still in reality be in actual practice a rule-of-thumb man of 
the very worst type, vainly imagining he is working scientifically. The 
only object of such a table could be to impress the rule-of-thumb man 
with the wonderful accuracy of the man of science who can calculate 
to the second decimal place of a litre the number of litres required to 
saponify 10 tons of oil. If the saponilication value of the oil in ques- 
tion was known, such fastidious accuracy might be excusable ; here it 
is most grotesque. 

The strength of commercial alkali is always expressed in per 
cent, of anhydrous alkali, as in the second horizontal line; if the 
caustic potash be pure it contains 94*2 per cent., and knowing the 
saponification value of the oil and the percentage of anhydrous })otash 
an tlie alkali being used, the calculation of the amount required to 
saponify any given oil or rosin whose saponification value is known 
is a simple matter. Thus 100 lb. of rosin will, with the saponification 
value of 170, require 17 lb. of potash KHO, the nearest solution, using 
100 lb. of that strength, specific gravity 1*147, say about 29'* Tw. The 
figures are for pure potash. The best plan of course would bo to dis- 
solve the 17 lb. of potash in water and make up to a given strength, 
say 10 per cent, or 12 per cent. KOFI. Such a solution, 12 per cent,, 
AS will be seen from the table, has a specific gravity of 1*100, 20® Tw., 
and IQ gallons of it contain 11*9 lb. of KOJi, 15 gallons of it con- 
tain nearly 18 lb. ; the right proportion is about 14 J gallons. 


The Mancjfactuhe of Mr/rALLic Linolkateh and otheh 
Metallic Soaps. 

Aluminium Linoleate.—f\\\^ is one of the most important of all. 
Alumina itself is capable of saponifying fats, but the aluminates of 
potash or soda do so strongly, and produce a light aluminium soap 
which has many uses, in waterproofing wood and garments for 
example, and in paper manufacture. 

Lead Limdeate —This is made by saponifying drying oils, chiefly 
tliose of linseed and h^ftnp oils, with red lead, litharge or white lead, 
or by precipitating a solution of ordinary soap with lead acetate. It 
is used as a siccative. 

Lead acetate, 3*5 lb. would decompose 7‘7 

lb. of soap. 

Magnesium Linoleate . — This soap has of late assumed consider-;' 
Able importance in candle manufacture. Now that the price of: 
magnesia has fallen, its advantages over lime as a saponifying agent 
can be taken advantage of. Less of it is required than of lime for any 
givqp quantity of fat, and the magnesium sulphate formed when the 
eoap is decomposed with sulphuric acid is soluble. The fatty aclda' 
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STRENGTH OP SOLUTIONS OP CAUSTIC SODA AS DETERMINED BT.; 
BAUME’S HYDROMETER, WITH THE EQUIVALENT READING 
ON TWADDELL’S SCALE. 


Density. 

Baume. 

Twaddell. 

Per Cent. 
Na.iO. 

Per Cent. 
NaOH. 

One Cubic 
Metre 
Contains 
in Kg or 
100 Qallons 
in Lb. 

One Cubic 
Metre 
Contains 
in Kg or 
100 Gallons 
in Lb. 

1-007 

1 

1-4 

0-47 

0*61 

NajO. 

4 

NaOH. ' 
6 

1-014 

2 

2-8 

0-93 

1-20 

9 

12 

1-022 

3 

4-4 

1*66 

2-00 

16 

21 

1-029 

4 

5-8 

2-10 

2-71 

22 

28 

1-086 

5 

7-2 

2-60 

3-35 

27 

35 

1-045 

6 

9-0 

3-10 

4-00 

32 

42 

1-052 

7 

10-4 

3*60 

4-64 

38 

49 

1-060 

8 

12-0 

4-10 

5-29 

43 

56 

1-067 

9 

13-4 

4-56 

5-87 

49 

63 

1-075 

10 

15-0 

6*08 ‘ 

6-55 

55 

70 

1-083 

11 

16-6 

6-67 

7-31 

61 

79 

1-091 

12 

18-2 

6-20 

8-00 

68 

87 

1-100 

13 

20-0 

6-73 

8-68 

74 

95 

1-108 

14 

21-6 

7-80 

9-42 

81 

104 

1-116 

16 

28-2 

7-80 

10-06 

87 

112 

1-125 

16 

26-0 

8-60 

10-97 

96 

123 

1-184 

17 

26-8 

9-18 

11-84 

104 

134 

1-142 

18 

28-4 

9-80 

12-64 

112 

144 

1-152 

19 

30-4 

10*50 

13-66 

121 

166 

1-162 

20 

82-4 

11-14 

14-37 

129 

167 

1-171 

21 

.34-2 

11-73 

15-13 

137 

, 177 

1-180 

22 

36-0 

12-38 

15-91 

146 

: 188 

1-190 

23 

38-0 

13-00 

i 16-77 

156 

1 200 

1-200 

24 

40-0 

13-70 

1 17-67 

164 

212 

1-210 

26 

42-0 

14*40 

i 18*58 

174 

225 

1-220 

26 

44-0 

16-18 

1 19-58 

185 

239 

1-281 

27 

i 46-2 

16-96 

1 20-59 

196 

258 

1-241 

28 

48-2 

16-76 

1 21-42 

208 

266 i 

1-252 

29 

50-4 

17-55 

22-64 

220 

283 ' 

1-268 

80 

52-6 1 

18-35 

23-67 

232 

299 i 

1*274 

81 

54-8 

19-23 

24-81 

245 

316 

1-286 

32 

67-0 

20-00 

25-80 

257 

332 

1-297 

33 

59-4 

20-80 

26-83 

270 

348 

1-808 

34 

61-6 

21-56 

27*80 

282 

364 

1*320 

36 

64-0 

22-35 

28-83 ■ 

295 

381 

1-332 

36 

66-4 

23-20 

29-93 

309 

399 

1-346 

87 

69-0 

24-20 

8D22 

326 

420 

1-357 

38 

71-4 

25*17 

32-47 

342 

441 

1-870 

39 

74-0 

26-12 

33-69 

359 

462 

1*383 

40 

76-6 

27-10 

34*96 

375 

483 

1*897 

41 

79-4 

28-10 

36-25 

392 

506 

1-410 

42 

82*0 

29-06 

37-47 

410 

628 1 

1*424 

43 

84-8 

30-08 

38-80 

428 

563 

1-438 

44 

87-6 

31-00 

39*99 

446 

575 

1-468 

46 

90-6 

82-10 

41-41 

466 

602 

1-468 

46 

93-6 

33-20 

42*83 

487 

6-29 

1-483 

47 

96-6 

84-40 

44-38 

610 

668 

1-498 

48 

99-6 

35-70 

46-15 

535 

691 

1*614 

49 

102-8 

86-90 

47-60 1 

569 i 

721 

1-630 

60 

ioe -0 

38-00 

49-02 1 

681 1 

769 


For Holes, see opposite page. 
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swim on the top of the solution of it, and are mor6 easily separated 
from it than from the insoluble calcium sulphate. 

Manganese sulphate, MnSO^TII^O. 2*5 Ih. would decompose 7*7 
lb. of soap. 

Manganese Linoleate . — An important drier made by precipitating 
a solution of linseed oil soap with one of a manganese salt, or by dis- 
solving sulphate or black oxide of manganese in linoleic acid, linseed 
oil, hemp oil, etc., by the aid of heat. 

Tin Linoleate . — This is made by pi*ecipitating linsiijed oil soap 
solution with one of stannous or stannic chloride. 

The colours of the various insoluble linoleates are as follows : — 


Calcium soap 

white 

Copper 

green 

Zinc 

white 

Lead 

, ,, 

Manganese soap 

pale pink 

Aluminium ,, 

white 

Ferric soap 

. yellow 

peculiar property of the linoleates insoluble 

in water is that they 


are freely soluble in turpentine, benzine, light petroleum, and carbon 
hisulphide, while the palmitates and stearates are insoluble; hence 
the insoluble soaps produced from a soap made from olive oil (con- 
sisting principally of sodium oleate) can he dissolved almost entirely, 
whereas the soaps made from palm oil (consisting largely of sodium 
palmit^te) or tallow (consisting largely of sodium stearate and palmi- 
tate) only dissolve very slightly, that portion which dissolves being 
the linoleate of the metal, there being some linoleic acid also con- 
tained in these soaps. 

Use is liiade of this fact in applying a solution of one of these 
metallic linoleates in benzine, or petroleum spirit, for waterproofing 
paper, cotton, and leather. 

Potash and soda soaps, soluble in water and giving a solution 
which removes grease, have long been employed as cleansing agents;, 
other soaps are, however, not so well known, though they are extremely 
useful. It is a wel^-known fact that a soap results from the combina- 
tion of a fatty acid with a base; in the case of the soluble soaps, the 


Notes for Table on p. 828. 

1. To convert per cents. K^O into their equivalents of Na^O, multiply by 02 
and divide by 94. 

2. To convert per cents. KOH into their equivalent in NaOH, multiply by 40- 
and divide by 56*1. 

8. To convert per cents. NajO into their equivalents of K/), multiply by 94 
and divide by 62. 

4. To convert per cents. NaOH into their equivalents in KOH< multiply by 
56*1 and divide by 40. 

A smaller amount of NaOH 40 or Na^O » 62 will neutralise the same 
amount of acid as the larger quantities of K,0 o 94*2 or KHO =3 56*1. Henc» 
inverse proportion in 1 and 2 and ordinary proportion In 6 and 4. 



IISSO*'. ^:THE‘MAM'nFACTmtB OF VABSISHBS. 

i ' base is either potash or soda, but the soaps formed by the union of a 
fatty acid with the metals calcium, barium, magnesium, aluminium, 
!, iron, copper, etc., are all insoluble in water. The oils and fats used in 
' the preparation of soaps are never pure glycerides ; hence the soaps 
contain more than one fatty acid, the three fatty acids oleic, palmitic, 
and stearic usually occurring together. The soaps of commerce are, 
therefore, mixtures of potassium or sodium oleate, palmitate, and 
stearate, the forraulai for which are given below ; — 



Oleio. 

Palmitic. 

Stearic. 

Acid 




Sodium salt .... 

NaC|,jHj) 30 .^ 

NaC.„H3,0, 

i NaU„H„(), 

Potassium salt 

1 



KCjyHggOo 


fn washing with hard water it will be easily noticed that a largo 
quantity of soap is used up before a lather is obtained, and that, sub- 
sequently, a white curdy deposit is formed ; this is a lime soap in- 
soluble in water, and it is produced by the union of the fatty acids of 
the soap with the lime present in the water. The same reaction may 
be brought about by the addition of a solution of calcium chloride to 
a solution of soap, the curdy precipitate falling as the two are mixed 
until, when the calcium chloride is in excess, a lather ceases to be 
produced when the liquid i^ agitated. This is the general method of 
preparing the insoluble soaps, though other methods are practised on 
.a large scale for particular purposes. 

The double decomposition which occurs when a solution of a soap 
is precipitated with a solution of calcium chloride is shown in the 
following equation, the soap being represented as sodium oleate : — 

2NaCiyH;j,0., + CaCl, = + 2NaCl. 

It will be seen that one molecule of calcium chloride will decom- 
pose two molecules of sodium oleate, and, knowing the weights of 
these molecules, it is easy to calculate what any given weight of a 
^oap will require of calcium chloride to decompose it, so that in the 
actual work none of the reagents may be thrown away. 

For instance, two molecules of sodium (5leate weighing 008 are 
•decomposed by one molecule of calcium chloride weighing 111, or 5*5 
pts. of sodium oleate are decomposed by 1 pt. of calcium chloride. 

The molecular weights of sodium stearate and sodium palmitate 
are nearly the same as that of sodium oleate ; that is, two molecules 
•of the first equal 612 and two molecules of the second equal 576 ; 
therefore an ordinary sgap containing all three acids may be assumed 
to have a molecular weight intermediate to these, and two molecules 
would equal approximately 600 ; one part of calcium chloride would 
therefore decompose 5*4 pts. of such a soap. ^ 

The above calculation assumes that the soap is pure and dry,, 
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which, of course, is not the case, but with a soap containing 30 per 
cent, of water, 


5-4 X 


100 

70 


7*7 lb. 


would 1)0 decomposed l)^’ 1 lb. of calcium chloride. 

Lime tyoap . — Lime soap has been of great imi)ortance in the 
candle trade since Milly succeeded in replacing the costly process of 
saponifying fats with caustic soda lye by the cheaper method of using 
lime. The resulting insoluble lime soap is decomposed with dilute 
sulphuric acid. When the calcium sulphate formed has settled to the 
bottom, the fatty acids are run off and allowed to cool. The solid 
ones among them are made into candles. The precipitation of lime 
soap which occuis when ordinary soap is us(*d with hard water is 
well known. 

The reaction which takes place when any other metallic salt is 
employed is precisely similar, and the calculated (juantities of the 
following salts would decompose the same weight of soap : — 

Copper sulphate, CuSOj^ILO. 2‘‘2 lb would decompose 7*7 lb. 
of soap. 

Copper Soap . — This is prepared by precipitating a solution of a 
hard or soft ordinary soap with one of sulphate of copper or by boil- 
ing oleic acid with copper carbonate. It is a green soap, which dries 
to a l)rittle mass, slightly soluble in alcohol but freely in oils or in 
ether. 

('opper Stearate. 75 lb. of stearine are melted in a copper kettle 
and 13 lb. of sodium or potassium hydrate, made up to IH per cent, 
solution, run slowly in and stirred until the soaj) is quite^ ch‘ar. In 
another tub 57 lb. of copper sulphate are dissolvtal and the stearine 
soap thrown out with this solution. The cop])(5r stearate formed is 
removed to another pan, and the water driven oH when it is packed 
in wooden casks. 

Zinc sulphate, ZnB0^7H.p. 2 0 lb. would decompose 7*7 lb. of 
soap. 

Zinc Soap . — This is a plate-like mass of yellowish-white and is 
prepared by heatirfg zinc oxide with a fat or oil, or by precij)itating 
ordinary soap with a zinc salt. It is used with zinc white in painting. 

Ferrous sulphate, FeS0^7H.jO. 2 5 lb, would decompose 7*7 lb. 
of soap. 

Iron Soap . — Prepared by precipitating a solution of ordinary soap 
with one of ferrous sulphate. A mixture of copper soap and iron soap 
is used to give plaster casts a very durable bronze. 

Aluminium and ferric salts decompose six molecules of soap as 
shown in the following equation : — 

6NaC,sH„02 + Al,(SO,), - + 3Na,SO„ 

therefore : — 

Aluminium sulphate, A1.2(804)3l8H20. 4 0 lb, would decompose 
, 7*7 lb. of Soap. 
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Alum, A1 jj(S 04)3K*^80424H20, 5'7 lb. would decompose 7'7 lb. of' 

soap. 

The choice ‘of paints for painting the bottom of ships, namely,, 
from the water-line downwards, is of importance, as much is required 
of such paints. It is well known that in a short time numbers of 
small sea animals attach themselves to the bottom of sea-going 
vessels, and sometimes form a considerable crust, which influences 
their speed in a marked degree; both by the additional weight and 
the greater friction thereby occasioned. The object therefore of 
paints for this purpose is to produce a poisonous effect upon these 
sea animals, to prevent them accumulating. Various means have 
been tried ; for instance, the addition of Schweinfurt green to ordin- 
ary oil paints. This has a certain effect, but in the first place the 
grinding of the arsenical green with varnish has a bad effect uponi 
the health of workmen, and, further, the paint after completely 
drying, no longerl affects the small sea animals in a sufficient degree- 
in order to kill them. Paints have also been prepared which do not. 
dry completely, so as to have a stronger action ; these are generally 
applied hot, but a paint that becomes quite hard is probably to be- 
preferred. 

Paints for the bottoms of ships should also give a good durable 
coating, as repainting below the water-line is costly and troublesome. 
Compounds of metals with fatty acids constitute the chief components,, 
according to the following processes, for good paints. In the first 
place two metal compounds are prepared, copper linoleate and copper 
stearate ; the latter for use in paints which are to remain soft, and 
which must be applied hot. A further copper compound is also re- 
quired to act as the poisonous principle, such as verdigris. 

Chopper linoleate . — An 18 per cent, solution is made from 18 lb. 
of caustic potash or caustic soda and heated in a kettle to 70'' C. 
(158“ F.) ; 90 lb. of linseed oil are then slowly run in with constant 
stirring ; the whole is then diluted with 5 gallons of water, and heated 
up until the soap boils clear. In a suitable cask, 55 lb. of copper 
sulphate are dissolved in 50 gallons of water, and slowly precipitated 
while well stirring with the linseed oil soap ; af-er settling out, the 
liquor is drawn off and the precipitate of copper linoleate well washed 
and strained ; it is then brought into a cast-ifon kettle and heated to 
100“ C. (212*^ F.) to drive off the remaining water, being afterwards- 
packed in wooden casks. The yield on the above given quantities is- 
about 95 lb. 

- Verdigris . — It has been recommended to make verdigris by double 
decomposition. 60 lb. of lead acetate, after melting in a copper kettle, 
are poured into a flat copper pan, and 40 lb. of finely powdered copper 
sulphate stirred in. A tough paste forms which is allowed to cool 
when it has become quite uniform, and after drying it is ground in a 
closed mill. For this latter operation it is recommended that workmen 
should use good respirators, as verdigris is very poisonous. If it be 



•SO it is from .the presence of le^d incidental to this method/ Work*- ; 
men in «ordinary verdigris are at any rate immune. But this ex- 
temporaneous method may very well yield a poisonous product. 

Anti-Foulhuj Paints . — Paints suitable for painting the l>ottoni of 
•ships are made by mixing the above metal compounds in various 
proportions with lithopone or zinc white and heavy spar, and grind- 
ing the mixture with a good oil varnish. If the paint is desired to 
dry hard, salt solution is added. 

As examples, a hard drying paint is obtainwi by taking 30 lb. 
copper liholeate, 25 lb. lithopone, 10 lb. barytes, 30 lb. oil varnish ; or 
30 lb. copper linoleate, 15 lb. zinc white, 10 lb. lithopone, 30 lb. oil 
varni.sh, 5 lb. rosin solution ; or 25 lb. copper linoleate, 25 lb. verdigi'is, 
10 lb. white lead, 10 lb. barytes, 30 lb. oil varnish ; or 25 lb. copper 
linoleate, 35 lb. verdigris, 30 lb. oil varnish, 3 lb. salt solution. 
And for a paint that remains soft : 25 lb. copper linoleate, 15 lb, 
•copper stearate, 15 lb. lithopone, 20 lb. oil varnish ; or 30 lb. copper 
linoleate, 10 Ih. copper stearate, 10 lb. lithopone, 5 lb. verdigris, 
15 lb. oil varnish ; or 25 lb. copper linoleate, 15 lb. verdigris, 15 lb. 
•copper stearate, 5 lb. lithopone, 12 lb. oil varnish, and so on. By 
varying the proi)ortions a harder or softer drying paint can Ix^ ob- 
tained, and also more or less poisonous according to the amount of 
vetdigris used. 

It may be mentioned that good results have been obtained with 
the given mixtures in small trials, the essentials being the metal 
-compcainds with fatty acids; doubtless therefore the same results 
will be obtained in the large scale. 

Waterproofiwj of Fabrics . — There is another method of water- 
proofing with insoluble soaps, the fabric to be treated being first 
passed through a solution of soap, then through a solution of alum, 
zinc sulphate, or copper sulphate, whereby an insoluhle soap of ou© 
of these metals is precipitated within and upon the fibres, and, not, 
being easily wetted with water, it forms a very efficient weather- 
proof material. Canvas for sailcloth and for tent-making is treated 
in this way, and, while the fabric is very little altered in appearance, 
the deposit of insdluble soap prevents the wetting of the fibres, and. 
therefore keeps the moisture out. The fabrics treated with a copper 
«oap in the above way are also rot proof, owing to the protection 
afforded by the copper compound. In this method of operating, it 
is of very little importance what kind of soap is employed for common 
fabrics, a common yellow soap or soft soap being equally suitable ; 
for fine white canvas a pure white soap is, of course,- the best to use. 

If a solution of soft soap be made and an aniline dye added, a; 
solution of manganese chloride, calcium chloride, zinc chloride, 
or alum throws down a precipitate of an insoluble soap, which com,- 
bines more or less with the colouring matter. Basic dyes, such q,» 
magenta or Bismarck brown, are best for this purpose, but several 
other dyes have been tried and found to give a similai; result. 
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Magenta yields maroon -<5oloured precipitates. 

Bismarck brown yields buff-coloured precipitates. 

Aniline red yields red-coloured precipitates. 

Phloxino yields scarlet-coloured precipiUtes. 

Erythrodno yields scarlet-coloured precipitates. 

Extra Ponceau yields deep red-coloured precipitates. 

Chrysoidine yields deep orange-red coloured precipitates. 

Aniline cotton orange yields deep orange-coloured precipitates. 

Logwood extract yields violet-coloured precipitates. 

These precipitates, after drying, are all soluble in carbon bi- 
sulphide, benzene, and petroleum ; freely so in the two first named, 
bub more sparingly in the latter. 

The coloured oleates formed in the above manner are suitable 
for use in staining and waterproofing fabrics, and for a variety of 
other purposes where colours soluble in oils are desired, for instance, 

in colouring waxes and oils. ■ i 

Basic dyes added to a solution of soft soap and then in’ecipitated 
by the addition of acetic acid yield coloured pasty precipitates, in- 
sisting of the colour base probably combined with oleic acid The 
precipitates produced by this method are very brilliantly coloured, 
and, if the acetic acid is used only in slight excess, very little of the 
colour is left in the liquid. The dyes produced in this manner are- 
insoluble in water, but freely soluble in benzene and the other 
solvents. For colouring oils and waxes they leave nothing to be* 

^^^Soluble Driers,— The origin of terebene was well known to 
Mulder, as ho advises the oil to be heated with a known quantity of 
litharge and pyrolusite, and a known weight of the resultant product 
to be added to the oil, to hasten its drying. This is the formation 
or principle on which terebene is based, by dissolving the crude 
mixed linoleate- so obtained in turps. Later on, Binks heated oil 
with excess of litharge, and mixed the lead soap so obtained, to the 
extent of 0*2 to 0-5 per cent, with linseed oil. Owing to the forma- 
tion of a large proportion of oxyacids, linoleate of lead, made by heat- 
ing linseed oil with litharge, does not dissolve ih petroleum spirit. 
Mulder explained that the oil was first converted into a lead 
linoleate, and that on adding this linoleate to the untreated hot oil, 
it dissolved therein. The lead and manganese salts of linoleio 
acid (liiioleates), and of abietic acid (rosinates), have been generally 
used in oil-boiling and varnish-making. They can be dissolved in oil 
at a low temperature, or their solution in turps or other solvent is 
added to the varnish or oil to be treated. They were sold in the 
early eighties of last century, and found a very ready market. Be- 
sides linoleates and rosinates, oleates were also sold. Lead oleate 
was first used by Bouis, also palmitates, but these are seldom or never 
used Ch. Van Zoul treates the mixed fatty acids of linseed oil in 
.alkaline solution by Hazura’s method, with permanganate, and con- 
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verts the mixture of hydrolysed fatty acids into manganese kits for 
use as dniers. Soluble rosinates and other orgtinic salts of cobalt and 
manganese were made and patented away back in tbe sixties or 
seventies of last century for use as driers. Soluble driers are divided 
into (1) fused and (2) precipitated linoleales and (3) fused and (4) 
precipitated rosinates. (1) The fused driers are made by fusing the 
acids and l)ascs together; (2) the precipitated driers are mode by 
precipitating a solution of the sodium salt of linoleic acid, or abietic 
acid with an acjueous solution of a Pb or Mn salt. The fused driers 
are sold as more or less dark coloured lumps, or ground. Precipi- 
tated driers are less ponderous, and are pure white or slightly tinted 
in colour. But this light colour is due to their being hydrated 
compounds. Manganese browns on keeping and manganese linoleate 
is soft and pasty, and it blackens as it ages. The vi-se of soluble 
driers is very easy. Linseed oil is heated to 120'’ to 150' C. (248'^ 
to 802 F.), and 1 to 8 per cent, of the drier dissolved therein without 
residue, or 1 part of drier is dissolved in 2 of linsr»ed oil, and mixed 
with a certain (juantity of untreated linseed oil. Soluble driers, more- 
over, especially when previously fused, dissolve in turps, and their 
solution in turps in the pro})ortion of 1 to 2 or 2 to 8 arc sold as 
liquid driers, but precipitated driers do not dissolve} utitil all 
combined water is expelled by heat. Precipitated driers must 
therefore be fused before solution in oil or solvents. The extensive 
use of soluble driers in the II.S..^. has givfm rise to the term 
“boiling oil through the bungbole,” and “bungliole oil’'. So far 
back as 1890 the old driers were largely supplanted l)y soluble driers.^ 

Soluble Driers, (Constitution . — Tlie preparation of fuseHl linoleates 
and rosinate.s, the combination of tin*, metallic oxides with the acids, 
and the saponification of the esters are operations of a sonnswbat 
complex nature, and an increase of tem])erature may hjad to de- 
composition, and, in the case of manganese, oxidation ; again, it is 
sometimes difficult to say in which of its forms the manganese is 
present, so that we never know whether we are dealing with fv. 
manganous or a manganic salt. These drawbacks disappear in deal- 
ing with precipitated driers, but here there is a possibility of basic, 
salts being formed. 

Weger fixes the nor\iial constitution of the four compounds — 
manganese rosinate, lead manganese rosinate, manganese linoleate,. 
and the lead manganese salt of the same acid —used as soluble dryers 
(the soluble salts of lead alone being but little employed) as 8*2 jjer 
cent, of soluble manganese in fused manganic rosinate, 6 (rarely as 
much as 7) per cent, in precipitated manganous rosinate, and 9 to 
9*5 per cent, in good fused manganese linoleate. A few instances 
have occurred when the proportion reached 11 per cent., indicating 

^ |t was about that time that the syndicate working Hartley and Bienkinsop’a 
process wanted £100,000 for the Kussian rights. 
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either a mire extensive dissociation of the acids in the linseed oil or 

'*''*Weger found 30 per cent, of soluble lead in a fus^ lead 
TT \na tVilq bv assuminc that the residual glycerine had 

1m.?- 1 oMbi. pb - «■ 

AH manganese and lead linoleates or rosinates is complicated and 
difficult^ First the saponification number of the linseed oil, also the 

the fatty acids, Hnoleic acid, and abietic acid 
vary widely. Average figures must be taken 


Saponification number of Unsood oil . 

neutralisation tatty acids . 

„ roflin 

»» ” ” 

^ialoulating from these figures we get 


Manganese Unoloate 
Manganic », 

Manganous rosinate 
Manganic „ 

Lead linoleato . 

,, rosinate . 


190 

198 

170 


Percentage of Mu or Pb. 
8’9 Mn. 

. 61 „ 

. 7*7 „ 

. 5‘8 „ 

. 20*9 Pb. 

. 24 0 


Weeer found in fused Pb Mn rosinate, 9'90 soluble Pb (no m- 
soluWe Pb) 1-4 per cent, soluble Mn, 010 insoluble Mn, which was 
!! cukted to 41.0 per cent, lead rosinate, 27 per cent, manganic 
rosinate, and 30 to 35 per cent, free rosin. 

rosin cannot do much damage in the sequel, as only 23 per cenvoi 

drier is added to the oil, so that the tree rosin in the boiled oil on y 

h.,. b«. 

8«m ... in,pr.aio.bl.t (1) Tb. dner '3 

little if at all. (2) The drier should cause no turbidity in fatty acia 

oil. (S) .11 ~l.Mi.lbg ‘b. ■b.uld dr, 

rapidly, in 12 hours at least, but better in 8 hours or less. (4) The 

drier must be cheap. ^ four 

An ideal siccative conforming in every particulai to all four 

I'tperioTi Lllbte tors^^'lsTo^SS^^ ^ 

its 

turps over £100 per ton, cheap driers are lor the time as dead a 
the^dodo But it must be remarked here once more that rosm free oi 
oombtaed in linseed oil, it raw or boiled, is an absolutely illegal addr 

‘“’The following recipes for American Japans, 
enamel vehioles are from an Amencan source. The British ^e 
; will do well to remember that the American gallon is i less ttan 
British imperial gallon : — 
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1. ORraimo japan. 

30 gallons Calcutta oil. 

100 lb. X, XX, or XXX kauri gum, No. 8. 

Melt the gum, boil the oil to 500“ F., and mix. Allow the tern 
perature to fall to 400“, then add 10 lb. of gi'aniilateil manganese 
>xide, and when dissolved sprinkle in 10 lb. of litharge and 10 lb. oi 
•ed lead. Boil for •} hour at 475“, then add 6 lb. powdered burni 
imber and 6 lb. of gum shellac. Boil to 500®, then cool and reduce 
;vith 80 gallons of tur 2 >entine. 

2. ROSIN GRINDING JAPAN. 

600 lb. K rosin. 

25 ,, powdered air-alakod lime. 

2 oz. l)ee.swax. 

70 gallons ben/.inc. 

Melt the rosin, sprinkle in the lime gradually until it is taken up 
by the rosin and the sediment settles. Add the beeswax and allow the 
mixture to simmer hour over a light lire. When sufficiently cool 
add the benzine, being careful that it goes into solution without 
granulation. 

.3. OI.OSS OIL. 

5(K) lb. K rosin. 

,, lump umber. 

2^ ,, blat'k oxide of manganese. 

If ,, brown sugar of lead. 

10 gallons korosine. 

00 ,, ben/jne. 

Melt the rosin. Mix the manganese and sugar of lead and boil 
1 hour in the rosin, stirring occasionally. Crush the umber in 
a bag and suspend in the kettle, “dousing” it up and down from 
time to time. Boil until the manganese is incorporated. Take the 
kettle off the fire and add the thinners when the temperature has fallen 
to 250° or 300® according to the degree at which experiment shows 
them to take best. The kerosene is to be added first. In this, as in 
all the other formulas, complete absence of fire is, of course, a 
requisite to the addition of the “ thinners ”. 

Driers. 

i. PURE TURPENTINE JAPAN. 

16 gallons welLsettled and aged raw oil. 

26 lb. Uthatge. 

27 „ black oxide of manganese. 

46 „ kaori dust. 

' 80 gallons turpentine. 

Calcutta oil is generally preferred. Heat the oil to 860 ° F., then 
sprinkle in the litharge, taking great care that it Je 
Ibpxoughly taken up in oxidising the oil. If the foam becomes thick 
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it must be whipp€i3 down to prevent boiling over. Te^ samples on 
' glass, and When the oil becomes syrupy to the touch, add the man- 
ganese oxide, for which an equivalent quantity of the borate may be 
substituted if a light colour drier is required. The manganese in 
combining generates heat, and if necessary the fire can be drawn and’ 
the kettle taken off when the temperature of 550' is reached. The 
manganese must be sprinkled in very gradually, as it will cause the 
oil to swell up very rapidly. When all the ingredients are in test 
samples on glass. If right they should harden promptly and crack and 
break, but not powder when the film is bent double or rolled together. 
If they fly into powder the boiling is burned. The samples must also 
be elastic. When found to be right the kauri dust is to be sprinkled 
in, and samples taken out from time to time to see that no small 
particles remain undissolved. If necessary to effect this the kettle 
may again be run over a light fire. Samples of the finished product , 
should crack as above explained. Extinguish all fire, and when the 
kettle has cooled to about 350°, reduce with the turpentine, one man 
stirring while another runs in the thinner as rapidly as it can be 
mixed. This makes a very strong drier if properly prepared. 

6. BENZINE JAPAN. 

12 gallons linseed oil. 

16 lb. litharge. 

16 ,, powdered black oxide of manganese. 

10 gallons turpentine. 

75 „ benzine. 

The entire 85 gallons of thinners may be benzine, but a small 
proportion of turpentine makes the reduction easier. The process of 
j)reparation is similar to those already detailed. 

6. UNION JAPAN 

"Maybe made on this formula by using for thinners about § turpentine 
and J benzene, or J of each. 

7. WHITE DAMAR VEHICLE FOR ENAMEL PAINTS. 

ISO lb. Batavian damar. 

16 „ white rosin (W. W. or W. G.). 
i „ sulphate of zinc. ' 

12 gallons turpentine. 

10 „ benzine. 

Melt the gum and the rosin with the zinc in a copper kettle until 
solution is complete. Add the turpentine gradually, whije the kettle 
is on the fire. Boil for a short time ; then draw the fire and reduce 
with the benzine. This product may be used as a varnish grinding 
with enamel colours, or as a white varnish pure and simple. It driea'^ 
much harder than ordinary damar varnishes. 
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Cobalt Dbieks. 

It is claimed that fused and precipitated cobalt rosinates are 
ijimilar in action to manganese rosinate with this very great excep- 
tion, that by its use a better and finer white for inside and outside 
purposes can be secured. 

For exterior driers it is claimed that, without the use of man- 
ganese and cobalt, there is a tendency to soften, due to atmospheric 
actions. Hence, the lead and cobalt or the lead and manganese 
compound is better ; lead and cobalt in all oases where white quality 
is considered. For interior work cobalt is recommended as a drier, 
and it is urged that cobalt only be used. 

Cobalt Bosinate Drier for Producing Good Exterior or Interior 
White Paint or Eftaniels, — Such a paint or an enamel made with either 
lead or^ manganese as a drier even if in only small quantities has a 
great tendency to produce a brownish or pink discoloration. Even so 
Bcnall a quantity as 16 oz, of manganese drier in 200 gallons of paint 
will show a pink colour inside of 48 hours. For exterior work this 
is not injurious, for strong sunlight bleaches out the colour ; but for 
interior work we come to the fact that cobalt must be used to 
eliminate the discolouring effect. In making high grade enamels 
every one is familiar with the properties required. These can be 
secured by a cobalt drier made from w^ood oil, linseed oil, precipitated 
cobalt rjsinate, and pure turps. It should be made in a separate pot, 
and strict attention paid to the handling of it. Such a drier is added 
to the enamel after the zinc has been ground into the varnish. But 
no other drier should be present. Working thus all trouble of 
skinning in the tin or in the mill is avoided, and no separation 
occurs with this oil drier. 

If cobalt driers are very strong, they can be readily adjusted and 
kept for any length of time without separation. For cheaper whites, 
fused cobalt rosinate made on the same formula can be used ; but 
there is the risk of paint livering or thickening, due to the free rosin 
acid present. A dri^r made thus can be thinned with a turpentine 
substitute. Litharge can also be incorporated in the fused rosinate, 
if a high grade colour not particularly desired. The linoleate of 
cobalt can be used and will give quick-drying qualities like all cobalt 
compounds, but it does not give so nice a white and shows a tendency 
to skin. The white and light tinting enamels do not develop a pink 
Colour when cobalt drier is used. But this drier must be prepared 
in a separate pot from the varnish. This kind of drier has the ad- 
vantage over other driers, in that it gives an elastic, non- separating 
film when mixed with linseed oil, and is not injurious when used to 
;^xce88. Cobalt drier will dry of itself on glass to the touch in 30 
:|ttinutes, and become hard in 2-J hours. The quantity of drier to use 
iVIferies* with the varnish, but in general 1 part drier to 10 parts of 
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varnish is used in straight long oil varnishes. With gum varnish | 
part to 20 or 30, and so used, will not increase the cost much. Th^ 
increase is about 1 cent a gallon over that of a manganese turpentine 
drier. With the long oil varnish, turpentine drier should be used ; 
but in enamels where damar varnish is present, one can use benzine 
or a cheaper turpentine substitute. Cobalt drier finds some use in 
interior paints, the pigment being ground without any other drier. 
The same formula thinned with a mineral spirit is an excellent drier 
for cheap whites. 

In testing driers the ordinary organoleptic tests, lustre, smell, 
and hardness, etc., tell whether the drier is a rosinate or a linoleate. 
Mixtures of powdered driers may generally be separated by aid of 
the microscope, where the transparent rosin particles are at once 
seen. Moreover, fused driers are water-free, but, precipitated driers 
contain a certain amount of water, as much as 6 per cent., which in 
the technical process of drying is not removed. Solubility in solvents 
is increased by expelling the Combined water by fusing the rosinate. 
In qualitative testing for metals the drier is ignited, and the ash dis- 
solved in HCl, and the filtered solution examined by the classical 
methods of qualitative analysis. To test for lime in possible presence 
of lead is utter folly, and vice versa. In addition to lead and manga- 
nese, calcium, barium, zinc, and copper may be present. Barium and 
calcium rosinates increase the hardness of the coating. Zinc rosinate 
is also used— it is claimed that it prevents the darkening of the 
boiled oil during heating. But a more intractable substance than 
precipitated zinc rosinate cannot well be handled. Copper rosinate 
is not used as a drier for boiled oil. Its use is in the hydrated state 
in anti-fouling compositions. A certain percentage of calcium rosin- 
ate, hardened rosin, its users claim, does no harm ; hence linoleate 
of manganese is adulterated therewith, which is revealed by a 
qualitative examination of the acids. A certain portion of the drier 
is boiled with HCl, and when cold shaken with petroleum ether. 
The residue on evaporation is tested for rosin by the Storch- 
Morawski test. Finally, the physical and chemical “constants" 
are determined, and the abietic acid estimatt^ quantitatively by 
Twitohell’s method. Oleic and palmitic acid are only seldom used 
in the preparation of soluble driers. Still the presence or absenoo 
of such metallic compounds should be examined for. 

In estimating the metals soil or dirt should be absent. Sand 
often occurs as an impurity. 

[German writers tell us, quoting Coste and Andrews, “ Analyst/*^ 
1910, 35, 54, as authorities, that “ soluble driers are often mix^ withfi 
chalk and barytes ". But there is a little misapprehension her$«;' 
The driers referred to by Coste and Andrews were the old-fashione^^ 
'* patent " driers marketed in the same manner as stiff white lead! 
(that patent must be a very hoary-headed one, and as far as the act^l 
tnanufactnre is concerned does not exist). These driers were nuM 



^ a stiff paint containing an excess of driers made in a rule-of- 
tiiumb w^y by heating linseed oil, rosin, litharge, lead acetate, etc., 
; ’ together ; sometimes a saturated solution of manganese sulphate was 
; added. The chalk and the barjiies formed 90 per cent, of the mixture. 

Patent ” driers might therefore be defined as a paint with an 
excess of driers which, added in small proportion to a paint with no 
* driers, caused it to dry rapidly.] 

The main quality desired in a soluble drier is that it shall be com- 
pletely and entirely soluble, the metal being in a state of actual com- 
bination, and not merely mechanically suspended in the form of an 
oxide, since the latter cannot exert any action at the low temperature 
employed, and will therefore merely constitute an inert, sedimental 
matter. The sole point, therefore, to be considered in estimating the 
value is the amount of drying metals present in combination with 
rosin or fatty acids, and soluble in linseed oil at 120° C. 

Analysis and Valuation of Soluble Driers , — Soluble driers only 
containing lead are rarely marketed, nor is linoleate of manganese 
generally sold. The usual type of soluble driers on the market are : — 


TABLE SHOWINC^ THE USUAL TYPE OP SOLUBLE DRIERS ON THE 
MARKET WITH THEIR PERCENTAGE Pb AND Mn CONTENT. 


• 

Theoretical Metal 
Content per Cent. 

Actual Range of 
Soluble Metal Content 
per Cent. 

Manganous rosinate precipitated . 

1 7-7 Mn 

C-7 Mn 

t, ii fused . 

Lead manganese rosinate 

5-3 „ I 

2*5 to 4*5 Mn 


8'9 Pb ; 1-6 to 2 Mn 

Manganese linoleate 

8-9 

9 to 9-6 

Lead manganese liholeate . 

— 

Varies greatly 


Meister quotes : (1) Fused Mn rosinate, on an average 2*5 to 3*0 
^ ,Mn, « 45 to 55 Mn abietate. (2) Fused Pb Mn rosinate, at most 1*5 
; Mn, and 9 to 10 per cent. Pb, about 27 per cent. Mn abietate, and 
40 per cent, Pb abielate. (3) Precipitated Mn rosinate, 5'7 to 6*5 per 
.cent. Mn, about 80 per cent. Mn abietate. (4) Precipitated Pb rosin- 
;!^te, 20 to 23 Pb, about 60 per cent. Pb abietate. Bom^ rosin driers 
^/barely contain 10 per cent, of rosinate. 

Practiced Testing of Soluble Driers . — Analytical testing must be 
subordinate to practical testing of soluble driers, vide infra. The oil 
heated with a certain amount of soluble drier to 120° to 150° C., 
taud the resultant boiled oil tested for colour, clearness, rapidity of 
drier is dissolved in a little warm turps, and 5 to 10 
cent, of the fluid drier so obtained added to cold linseed oil. The 
|>^ uid driers used by painters and varnish-makers are in solution, 
®nrp8, Vosin-spirit, benzine, benzol, are tested for in the volatile 
^gption and the dried siccative. Generally liquid driers consist of 
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golutibn of lead manganese linoleates 4 : 6, but manganese lead linolea^r 
and rosinate are also used. The latter when added to boiled oil must 
contain no free rosin or it will thicken white lead paint. This ia ’ 
tested thus : 18 grammes pure white lead are rubbed up with 5 
giammes of liquid drier, 2 grammes turps, and a drop of water^ 
There should be no gelatinous thickening on standing for several 
hours. 

Chevreul and Liebig versus Mulder . — Mulder studied how driers 
act very carefully, the result being some classical recipes for fire- 
boiled oil. But some plead that Chevreul did not understand the 
problem, as he used white lead and zinc oxide for driers, and later 
maintained that linseed oil dried more rapidly by mere heating to 79° 
C. Liebig believed that, at the outset, the drying of linseed oil was 
hindered by mucilage. He asserted later that linseed oil, treated with 
basic acetate of lead at the ordinary temperature, absorbs 4 to 5 per 
cent, of lead and dries in 24 hours. The best boiled oil was obtained 
by heating linseed oil to 100° C. with lead oxide, and steam passed 
through for an hour. By boiling linseed oil with lead oxide and water 
a similar good boiled oil is not obtained. All these assertions Mulder 
contradicted in a very bitter quarrel with Liebig. 

Mulder s Theory of OiLboiling and of Driers , — Mulder found that 
boiled linseed oil (wdth 2-6 per cent. PbO) took a shorter time to dry, 
but had a lower oxygen absorption than the unchanged oil. When 
the figures, as here, refer to very thick films, no sound information is- 
obtained ; but it is correct that linseed oil in the presence of ,^a drier 
absorbs no more oxygen than without one ; also that the drier, during 
the drying of the oil undergoes no change, it only hastens it. That 
red lead, as a drier, is superior to litharge he explained thus : Bed 
lead is a mixture of oxide and peroxide, 2PbO, PbOg, and therefore 
contains available oxygen, which it gives up to the oil with formation 
of linoxic acid or lead linoxate, then the oil absorbs no more oxygen 
from the air. Litharge, on the other hand, cannot part with any 
oxygen, and the oil must get it from the air unless the oil be boiled 
with litharge, whilst a current of air is passed through it. Mulder 
does not speak of oxygen absorption in connectiom with litharge, but 
he does so in regard to manganous borate. He found that when & 
borax solution was precipitated by manganous sulphate, and the pre- 
cipitate washed with water, the surface is coloured brown owing to 
the absorption of oxygen. It follows therefore that manganese borate 
as a drier acts similarly, taking oxygen from the air and giving it up 
to the oil. The term catalyst was upknown to Mulder, as it w'as not 
used until later. He was, of course, acquainted with catalysis in the 
sense used by Berzelium and with Mitscherlich’s contact working. 
Later on Ostwald classified sharply and positively as catalysts only 
those substances which during a chemical reaction hasten it by theiij 
presence. Their working has been likened to that of a lubricating 
oil during the motion of a steam engine. Weger also investigate^^ 
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;the drying action of manganous borate, fend discriminated between 
it and all* other insoluble driers, by its being capable of being used at 
the ordinary temperature when it is intimately mixed with linseed 
oil. By rubbing up linseed oil for an hour in a mortar with 5 per 
cent, of manganese borate, the time of drying was G to 24 hours ; 
the filtered oil contained 0*05 to 0*10 per cent. Mn. To classify 
manganese borate in face of this Mn content as an insoluble 
drier is a gross misuse of terms. Whether the salt dissolves in 
completely acid-free linseed oil, Weger leaves undecided. In any 
case, manganous sulphate, which is but slightly decomposed on heat- 
ing when rubbed with linseed oil, only acts slightly and similarly 
when precipitated as Mn(OH)o. That driers, as such, are all catalysts 
Weger deduced from the fact that the drying capacity of linseed oil is 
not proportional to the amount of drier used, but with a certain weight 
of drier a maximum result is obtained. Again Weger contradicts a 
statement of Chevreul that a mixture of raw oil and manganese- 
boiled oil absorbed more oxygen than its components, asserting 
that the final result would be that an oil would absorb so much more 
oxygen the less manganese it contained, and his oxygen absorption 
experiments did not confirm this. It is strange if the oxides and salts 
of lead and manganese act very similarly as driers, how dissimilar both 
these metals are. 

Van Zoul experimented with manganese peroxide. He found 
that it could not work catalytically as it is reduced on heating with 
linseedtoil. He thinks that during the splitting up of linseed oil the 
oxygen of the linoleic acid becomes oxidised as in the Hazura oxida- 
tion, and that the resulting hydrolysed acid, in the form of a manganese 
salt, acts as an oxygen carrier. He therefore regards all the acids 
produced during the oxidation of linoleic acid in alkaline solution 
as good driers. He does not say why manganous oxide is a good 
drier. 

Engler and Weisberg's Autocatalysis. — Engler and Weisberg 
describe the catalytic phenomena which occur during autoxidation 
decomposition as autocatalysis, and the oxygen carrier as an auto- 
catalyst. They thuf distinguish between atomic or hemi-molecular and 
molecular autocatalysis. At the first comes the catalyst, in our case 
the drier, which takes oxygen from the air in molecular form, an ac- 
ceptor, and later on gives it up in this case to linseed oil. Molecular 
autoxycatalysis is identical with indirect autoxidation, where the 
molecular oxygen reacting body (indirect autoxidiser) first, through 
this reaction, forms a third body. The drier, in that case, acts as a 
pseudo-catalyst. Thus there are bodies which, through the agency of 
other bodies by the consumption of negative ions or by the disengage- 
ment of positive ions, start the right atom-forming reaction which, oo ? 
its part, carries on the autoxidation. Such atoms are mostly hydrogen 
atoms which as indirect autoxidisers absorb molecular oxygen and 
Jproduce hydrogen peroxide. As an example take the catalytic 



working of manganous hydrate in the Weldon regenerating prooesa, 
which Engler and Weisberg formulate thus : — ^ 
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Catalytic action of Weldon process (Engler and Weisberg). 

Here water intervenes, whilst in drying it does not, except in a 
secondary way as a bye-product. 

According to Hazura from linseed oil two different hydroxystearic 
acids are obtained, the first from linolenic acid, the other an unsatur- 
ated fatty acid with three double links, isolinolenic acid, CigHj^Og, an 
isomer of linolenic acid. With bromine it yields, according to Hazura, 
an oily hexabromide derivative soluble in ether. Were it not for iso- 
linusic acid the occurrence of isolinolenic acid in linseed oil would 
have been still unknown ; likewise that the unsaturated fatty acid can 
yield two different oxyacids. 

It will be seen therefore that the result of Hazura’s researches was 
to put the chemistry of linseed oil on a new basis. Whilst all 
previous authors, with the exception of Mulder, regarded the fluid 
linoleic acid as a single substance, Hazura found it to be a mixture 
of four acids, viz, : — 

1. Oleic acid, CjgHg^O^, with 1 double link. 

2. Linoleic acid, with 2 double links. 

3. Linolenic acid, CigHgoOj, with 3 double links. 

4. Isolinolenic acid, CigHg^Og, with 4 double links. 

Reformatsky and the Unity of Linoleic ictd.— None the less the 

unity of linoleic acid was still maintained. From Say tiff s laboratory 
there appeared a research on linoleic acid by A. Keformatsky. He 
prepared it by Schuler’s method, converted it into the ethyl ester, 
and fractionally distilled the latter under a pressure of 180 mm. 
The fraction 270*’ to 275'* C. was collected apfsrt and saponified. 
For the free acid the composition of linoleic acid was found to be 
it gave an oily tetrabromide, Cn oxidation in alkaline 
solution with permanganate it yielded as chief product a tetraoxy- 
steario acid of melting-point 159° to 161°. When HgO^ is formed 
as an intermediate product, it can only yield atomic oxygen to 
the oil. Both lead and manganese driers produce peroxides. 
Whether drying is a hemi-molecular or a molecular autocatalysis 
is undecided. From the high oxygen absorption of boiled oil, at 
any rate, atomic oxygen is not exclusively absorbed, Ostwald 
confirmed Genthe’s conclusion that in drying with or without > 
driers autocatalysis occurs. The catalyst supervenes ^heh^ 
linseed oil is heated in air, when it is converted into a quick-dryr I 



^g boiled oil. t)rying is hastened by light. When ground up \^tb^ 
white pigments oil dries more quickly than with black ones. Looking ^ 
^ the S form of the curve, the results compai’ed with Ostwald’^ 

formula for autooatalysts ^ <» K(w + a?) (a - x). A series of re- 
searches were, made on exclusive autooatalysts. To linseed oil 
1 per cent, of formic, acetic, propionic, valeric, croton io, cinnamic 
and oleic acids were respectively added ; energetic oxygen absorption 
•occurred during 8 to 10 days, and the curve was still S shaped, 
Similar results were given by glycerine, benzaldehyde, mesityl oxide 
and acrolein. Whether the catalyst is afifected by the volatile reaction 
products was to a large extent solved thus : a uviol glass tube was 
filled with pieces of sulphur, soaked in linseed oil in an air-exhausted 
space. Parallel with this tube, about 3 centimetres away, was a 
uviol lamp. Over the pieces of sulphur a rapid current of dry 
oxygefi was passed, and the evolved gases cooled in a Dewar's 
apparatus to 20° C. In about 48 hours about 1 gramme of a 
strongly acid fluid had condensed. But oil treated with 1 per 
cent, of this fluid did not dry any quicker, as occurred when 60 
grammes of linseed was exposed in a large clock glass to uviol ' 
light for 40 hours. An oil exposed for years in a loosely-corked 
flask, also an oil blown for 2 hours at 130® C., both dried faster, 
so that when boiled linseed oil is oxidised the autocatalyst is a per- 
oxide. Thus 1 per cent, of benzoyl peroxide greatly hastened drying 
whilst ithyl peroxide hastened it but little, and hydrogen peroxide not 
at all. Five per cent, of fresh turps in no way increased the rapidity 
of drying, but, on the other hand, 5 per cent, of old turps did so very 
greatly. As .the particles first impinge on linseed oil, and oxygen has 
already been absorbed so as to darken the oil, the curve approaches a 
straight line. The principle does not allow an unlimited concentration 
of catalysts. For the acceptance of the oxygen a peroxide is necessary. . 
Circumstances all point to the practical limits of the reaction sought, , 
being independent of the oxygen concentration. Thus in the dark the 
same result is obtained in air and oxygen, showing the enormous effect 
of light. • 

Examination of Driers . — Genthe tested lead and manganese 
oleate, then fused ancl precipitated manganese rosinate, fused , 
lead linoleate, fused manganese linoleate, fused lead manganese 
rosinate, fused and precipitated lead manganese linoleate, fused 
copper rosinate. They were dissolved in the proportion of 1 per 
cent, in warm linseed oil. Sometimes they separated out as a 
jelly-like precipitate, which on shaking separate into finer par- 
tides which seemed to have fallen out of the oil, possibly muci* -i 
lage. The drying process lasted from 14 to 50 days in the dark, in j 
^day-light 8 to 10 days. The acceleration of drying is therefore not so;/ 
j[reat as is generally believed ; however, the S form of the curve 
l^l^aroisted t^ughout. The autocatalysts remain whatever the^^;' 
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driers may be ; they are not to be confused with the pseudo-catalysts* 
In violet light the driers were completely without action. On the 
basis of the last discovery, Genthe issued a statement from which it 
appears established that during drying peculiar peroxides are formed^ 
either when the oil solidifies under the action of the oxygen of the 
air, or when the oil at the anode pole becomes proportionately 
oxidised, as the peroxide building proceeds, e.g. in weak alkaline 
glauber salt solution with lead electrodes. The formation of {)eroxide 
compounds is the essential point of the drying properties of ac* 
celerating catalysts; hence all other driers are only pseudo-catalysts, 
the function of which is the formation of the former accelerators. 
The linseed oil products are valuable as the quickly formed coating 
is uniform throughout thewaole thickness of the film, right through 
without skinning and cracking, forming a lustrous enamel-like coat. 
The dried layer is not tacky but hard and resin ified. 

S. A. Fokin states that catalysts reduce the time of drying frono 
4 or 5 days to 2 to 3 hours. He tested the behaviour of 15 metals 
in this respect with the following results : — 

1. Co, Mn, Or, Ni, (Fe, Pt, Pd). 

2. Pb, Ca, Ba. 

3. Bi, Hg, Ur, Cu, Zn. 

This assortment, in which lead comes after iron is in flat contradic* 
tion with the results obtained in actual practice. Fokin explains 
• the action of driers in this way ; that the metals in their higher oxida- 
tion compounds take up atomic oxygen and give it up to the oil 
according to the formula : — 

-t- BCH : CHE.^ = MO + ECH . CHE. 



When direct autoxidation wdth absorption of molecular oxygen 
is practicable, only a small amount of drier, or a weak drier, is added. 
The rapidity of reaction is proportional to cube root of concentration 
of catalysts. Oxygen absorption at from y to 20 atmospheres is pro- 
portional to pressure. Increase of temperature rhastens rapidity of 
reaction, according to Spring’s rule. Polymerisation proceeds along 
with oxidation. In later experiments Fokin contradicts Genthe. 
He first made an experiment in which cobaltiferous linseed oil 
(0‘36 per cent. Co) was put into a Hempel burette and treated with 
gaseous oxygen. The results obtained for absorption of 1 atom of 
oxygen per double bond cannot be regarded as free from objection. 
At one time the oxygen was used in slight excess ; again, the layer of 
oil was not presented to the oxygen in a thin enough layer, and no 
notice was "taken that the iodine number was never 0. Moreover, 
in the above research the statement that 1 per cent, of the linseed oil 
forms volatile substances ban hardly be regarded as correct, ifpkin^ 
later on tested a large series of boiled linseed oils on glass slabs, oi^ 



which the film rose to 5 mg. per sq. cm. He asserts that the same ! 
absorption figures were obtained, whether he used 0‘5 or 5 mg. 
But the test in question only lasted 2 hotirs and with the intervention 
of a weight of fungi of xJ?jth part of a milligramme and in two cases of 
TTH)Trtb part of a milligramme. The unreliable nature of the expeii* 
ments will be seen in a moment from the excessive thickness of the 
layer, and we agree with Weger that the thickness should not exceed 
1 mg. per sq. cm. Fokin obtained for cobalt-boiled oil of varying 
Co content in 2 to 10 hours oxygen absorption of 9*1 to 15*4, whilst 
the oxygen absorption figure for manganese-boiled oil in 41 hours 
was 18*1. The results obtained did not establish Ostwald’s auto- 
catalytic equation but rather one of Fokin’s defunct formulco. That 
the reaction is not proportional to the catalytic concentration ia 
explained by diffusion. Some of Genthe's results show that the 
dv 

relatioq ^ ~ » K (a - x) corresponds best for monomolecular reactions.. 

It must be pointed out that Genthe was incorrect when he used the 
term indirect autoxidation and that the formation of autocatalysts ia 
dubious. Drying is mther a hemi-molecular autocatalysis, the drier 
absorbing by means of its valency surrounding oxygen and then giving 
it up in atomic form to the oil. Fokin’s results are faulty also in his 
tests on glass slabs, considerable quantities of volatile substances 
escaping. 



CHAPTEK XIV. 

BOILED OIL. 

Linolein . — As all oils consist of carbon, hydrogen, and oxygen in 
Imost identical proportion, what principle is absent from non-drying 
tils is present in certain oils, which causes them to dry. Linolein, 
(Ccording to Mulder, is 'the chief constituent of such typical drying 
>il8 as linseed, poppy-seed, and walnut oils. Linolein consists, there- 
ore, of linoleic acid and glycerine, the compound formed by the union 
)f three molecules of the monobasic acid, linoleic acid uniting with one 
no|ecule of the triacid base, glycerine, to form the neutral salt linolein. 
■lazura and Fredreich, who found in poppy-seed and walnut oils 
atty acids similar to if not identical with linoleic acid, partially con- 
irmed Mulder’s conclusions. Hazura regards Mulder’s linoleic acid 
lot as a simple substance but as built up of two distinct acids, linoleic 
icid, C2JJH32O2, with two double links, and linolenic acid, with 

three double links. The triglyceride trilinolin is represented^,by the 
empirical formula, 03115(0 igH3202)8, and the triglyceride triliuolenin, 
0;H5 (Oi3H3o 02)3. Livache flatly denies that the drying properties of 
linseed oil are entirely due to the presence of any one or all of these 
sicids. All other oils, he contends, whether vegetable or animal, can 
be transformed into a solid product, analogous to that to which 
linseed oil is so easily converted, and that, whether taken individually, 
or as the component parts of a mixture, provided always they be 
subjected to the action of heat. Livache is not specific enough as 
to what he means by the action of heat, and his claims do not amount 
to much, as it has long been known that certain *ion-drying oils can 
be stored so as to yield a protective film. Moreover, a rosin varnish 
made by dissolving rosin in naphtha and theh applying the varnish so 
obtained, whilst the bath or water oven is boiling over its outer copper 
surface, will protect the latter from the fumes of the laboratory 
jremarkably well, but that does not endow rosin with the properties 
of a drying oil. Again, Angus Smith simply recommended coating 
water pipes with tar and baking before laying thefia, but that did not 
make tar a drying oil. Livache'a idea must fall flat as his <^ting 
can in no way have the insolubility, impermeability, nor durability of 
linseed oil. . ^ 

None the less Livache declares that the best explanation that - 
he given ot the drying properties is the following : All the differ^s^J 
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gly^tidis whicli enter into the oom^sition of a drying oil play a 
^rt in the transformation of the oil into a solid body, but the greater 
the proportion of one or several glycerides analogous to linolein, the 
more rapidly is this transformation effected and at a lower tempera- 
ture. All the glycerides present in oils and fats undergo this change 
more or less slowly, as if by a kind of metamorphosis, ^his doctrine 
cannot be upheld for very obvious reasons, upon which it would be 
futile to enlarge. 

Looking at the matter from his own standpoint, Livache tried to 
explain the differences— in drying properties— of different drying,.oil8. 
Should in fact the glycerides, analogous to linolein, be present but 
in small quantity, the other glycerides only dry slowly, and very often 
heat would be required to accomplish the end in view. Whatever 
explanation we adopt, we must bear in mind that the drying oils are 
those which may be quickly converted into a solid elastic substance 
at the ordinary temperature. This transformation only takes place 
in the presence of oxygen, and with a rapidity which varies according 
to the heat and light to which the film of oil is exposed, and the 
previous treatment to which it has been subjected. 

Linoxin . — Mulder called the resulting solid prbduct linoxin. He 
found that it did not differ from linoleic acid except by containing a> 
larger proportion of oxygen, whilst at the same time all the glycerine 
had disappeared. While making reservations necessitated by the 
still imperfect state of knowledge regarding the composition of the 
differei^t solid bodies obtained by the oxidation of different oils, the 
name of linoxin is here retained for this body, which, no matter from 
what oil it may be derived, presents the same properties of elasticity, 
insolubility in the usual solvents, etc. Linoxin consists of a perfectly 
dry elastic mass, of a more or less deep yellow or brown colour ac- 
cording to thq treatment to which the oil from which it has been derived 
has been subjected. For a long time it was believed to be perfectly 
insoluble in the different menstrua in which oils dissolve. When 
Bxposed to their action it at first undergoes no change, but if the 
action be prolonged it increases in transparency, swells like india- 
rubber, and at the »ame time a small proportion dissolves. The re- 
sulting swollen substance dried apart from the solvent is still elastic, 
but very friable between* the fingers, crumbling to partkles, with no . 
iendency to reunite. By evaporating the solvent there is left a tacky 
residue of low melting-point. The oxidation product of a drying oil, 
therefore, presents many analogies to caoutchouc, being composed like 
t of two constituents, one of which dissolves in different menstrua,, 
ivhiist the other swells and disintegrates. The dissolved product re*/ 
X)vered on evaporation of the liquid solvents acts as a real cement^., 
reimiting the insoluble portions, first swollen and then disintegrated/ < 
yielding as a result a continuous elastic mass, consisting on the ons^; v 
land of the soluble, and on the other hand of the insoluble, portion 
the original linoxin. But ve^.p^jbly this liquid portion found# 
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by Livaohe was simply incompletely oxidised oil, or the residuum ol 
the saturated fatty acids naturally present in linseed bil, which the 
writer contends do not dry in themselves, but retard the drying ol 
the oil until the intensity of the reaction is such that the solidified 
glycerides give to the whole mass the appearance of one homogeneous 
solidified coating, the actual non-homogeneity of which nothing 
discloses until the solvent starts to act on it. Thus before an oil can 
dry, continues Livache, the linolein must be in a position to become 
oxidised, and the more this is facilitated the quicker does the oil dry. 

Oxygen may be caused to act either upon the linolein, i.e. upon 
linoleic acid combined with glycerine, or upon the linoleic acid 
separated from glycerine, or finally upon suitable chemical com- 
binations of linoleic acid with metallic oxides, i.e. upon linoleates. 

Action of Oxygen iqmi Linolein . — Linseed oil exposed to the air 
in a thin layer soon changes to a solid substance. If we perform 
the same experiment in a vessel containing air placed mouth down- 
wards over mercury, the same change takes place, but the volume of 
uir confined over the mercury diminishes in volume owing to the 
absorption of oxygen. Finally, if the quantity of air suffices, the oil 
is converted into a solid product which has increased in weight pro- 
portionally with the oxygen which existed in the air and wffiich has 
disappeared, whilst the residual gas is composed of nitrogen, together 
with a small quantity of carbonic acid, and volatile acids of the 
methane series, The transformation of the oil and consequently of 
the linolein is thus due to the action of oxygen. Mulder obtained 
this solid body by exposing the oil on plates to the action of the air, 
and after detaching, he treated the product with ether, alcohol, and 
water so as to wash away any unoxidised oil or other soluble matter ; 
and he finally obtained a more or less elastic white substance which 
analysis show^ed to be a product of the oxidation of the anhydride of 
linoleic acid, viz. liiioxin. From linoleic acid exposed in a thin layer 
to the air he obtained the same solid linoxin, but the change into a 
perfectly dry substance took longer than in the case of linolein. But 
the products are identical in composition and properties, and as no 
glycerine is found in the product of the oxidatioruof linolein by the 
air, it would appear that the oxygen of the air first acts upon the 
glycerine, yielding such bodies as carbonic acid, water, etc., which 
disappear, and subsequently upon the linoleic acid of the linolein, 
converting it into a solid body, linoxin. The product is identical 
whether we use air or oxygen. 

Action of Oxygen upon Linoleates . — Linolein is very easily sap^ 
onified, yielding soaps ; potash, soda, and ammonia yield soaps which 
readily dissolve in water. Baryta, lime, the oxides of zinc, copper 
and lead, yield soaps insoluble in water but soluble in ether. The 
most suitable combination to study is that of linoleic acid with oxide 
of lead; if we dissolve this linoleate of lead in ether, and if we, 
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exj^se the liquid in a thin layer upon a plate of glass, the whit^ 
eolid residue remaining on evaporation of the ether, which is at first 
soft, becomes m a few days very hard, owing to the absorption of 
oxygen. 

Limxk Acid.—ll we suspend this hard,*brittle salt of lead in 
eJooho , and pass a current of sulphuretted hydrogen through the 
4 cohol, we obtain, after filtering off the sulphide of lead an 
alcoholic solution from which water precipitates a white substance 
which analysis shows to be that oxidation product of linoleio acid 
4iO which the name of linoxic acid has been given. If instead of 
separating this alcohol in the cold by the simple addition of water 
we evaporate the alcoholic solution by the aid of heat, we also obtain 
a viscous residue, but of a blood-red tint. Linoxic acid is therefore 
met with in two colours— white or red— according as it has been 
prepared in the cold or the hot state, i.e. whether hydrated or 
anhydrous. But whilst viscous linoxic acid exposed to the air changes 
to dry elastic linoxin, on the contrary, when combined with lead— 
although It also suffers this alteration— it becomes more and more 
mable. 

Bhume, — (1) Linoleic acid combined with glycerine, in the 
«tate of linolein, yields progressively in a more or less short period 
of tirne hmxin, a solid elastic body, a basis for colours and 
Tarnishes. (2) Free linoleic acid yields fairly quickly a viscous 
•compound (linoxic acid) which afterwards changes to linoxin but 
oocupyi^ng a longer period of time than in the preceding case ' (3) 
Linoleic acid combined with oxide of lead, i.e. liholeate of lead 
rapidly in consequence of the formation of linoxate 
of lead, but this product changes afterwards into a friable, brittle sub- 
stance. It follows that, to ensure a dry, elastic product, we ought 
preferably to cause the oxygen to act upon the linolein and to avoid, 
«.s far as posable, either the presence of linoleic acid, which would 
take a longer time to dry, remaining viscous for rather a long time 
in consequence of the formation of linoxic acid, besides the pos- 
sibility of formation of linoleate of lead, which would give a brittle, 
friable product. 0.yring to the difficulty of separating linolein from 
the other principles entering into the composition of oils in actual 
practice, we have to oxidise the oil itself. The drying properties 
•of a drying oil are increased under certain conditions, which it is 
im^rtant to study in detail. We shall study, therefore, how the 
•drying properties of linseed oil— the best drying oil— may be in- 
•creased, for whatever we may determine, regarding it holds good, 
iteeping to the same proportions with other drying oils. 

Boiled Linseed Linseed oil is boiled in several different 
h ^ire-heated Boiled By boiling linseed oil at 260^ to 
;465 F., in cast-iron pots fixed in masonry, or in portable pots ovei^ 
An o^en fire. 2. By boiling the oil at 270® to 300® F., not by direct 
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fire bu4 indirectly, that is to say, by a steam heat in steam-jacketed! 
pans, some of which are open and others closed, by a dome’ fitted with 
a still heated connecting pipe, leading to a condenser. The oil is 
then agitated so as to break it up or effect division into fine drops 
by agitators with blades like the propellor of a ship, so as to facili- 
tate the action of the air on the oil. 3. By boiling the oil in closed 
vessels fitted with air pipes, and then blowing hot air through the 
liquid. 4. Boiling by steam superheated to 750° F. 

Danger of Fire and FJajpfoston.— Oil-boiling by heat from an open 
fire 18 partmularly dangerous, but whichever of these processes be 
^opted, oil-boiling is always a more or less dangerous operation. 
1 roce^ 1 18 the most dangerous of the four, as fires with open grates 
are difficult to regulate, and this difficulty of regulation extends to the 



fia. 82.-Oil bomug by fire. Consuming the vapours by passing them through at 

fire. 

iroduct being heated. The first risk to draw attention to is one 
lommon to all the four processes : linseed oil, long before the actual 
wiling-point, not the apparent boiling-point is reached, liberates, be- 
ween 300° and 600’ F., not only vapours which ignite spontaneously, 
lut also explosive vapours. Moreover, it is apt to froth and boil over, 
specially when it is impure, abounding in mucilage. The tempera- 
are increases very irregularly over an open fire, and the oil in the 
lot frequently bumps, especially as the heat intensifies, whendanger- 
us priming may suddenly occur. Finally, the oil, or -the 
laterial driers, readily bum on to the sides of the pot, bake to » 
ard cake, causing tbe pan to grow red-hot, which readily gives rise tof 
n explosion. Linseed oil becomes linoxin, dried linseed oil, when 





Has taken up and absorbed a certain amount of oxvsen that yJ^ 

^^een 20 and 30 per cent, of its own weight {vide gupra). This 
ahwrptm occurs not only during boiling, but afterwards, and oa sUU 

^ air in alto film 

without driers, numerous attempts have been made to acwlerate 
^dSoVe Tt '^“hout d^rs, bj 

2ErR ^ f 1 “® T’ completed under 

-JO houis where it formerly took several days 

a ”11® (metallic oxide driers) require to be heated to 

nlh dissolve in the oil. The pert question 

L ran dttv !3 ^ “"^'^ored. The blowing of linseed oil also aids in 

f thl u 1 various oils in diving, and 

Ir er but s'id l"l®n “"'j' ‘•^-“’‘idises the 

trier, but aids very materially in its solution in the oil. So lone as 

IZtol ®rP‘®*®'y and -such an oil is used for the 

eoUmg of ^rous fibrous goods like textiles, feathers, papers, artificial 

odTs'eom“l M 1’ ^‘‘® oxidation colitises Until tLe 

1 hi? P ® ® ^ ^ oonsiderable amount 

.1 long as this heat is not concentmted into 
Ik nf ’ M®P1® 1 dissipated into the air as fast as formed, the 
IrtLi, 1®! ‘vu®®^*® 1 ®"‘ 'f- on the other hand, the 

^id tZt ?h"'k^ ®' ^® ''®P‘ '*'”■‘"8 ‘‘'■y'”8. or are so 

packed that the heat is prevented from escaping, the heat so re- 
tained and wncentrated will eventually produce charring, and end 
n the spontaneous (ignition) combustion of the articles so coated, 

ioli LRr“”k‘^ ‘^® ?“® *‘'®®*^ "*88- Dusting the goods with 

wool dust, a bad practice, intensifies the risk. 

®®'^ ‘■“Pldly by different pro- 

cesses, some involving the presence, others the absence of water. 

Itctllwk u '■'®r''®'‘ “ “0“‘>hc salts, 

of manganese, lead, and zinc, greatly lessens the 

iavTrl q^”®P®'^“*k ‘''. ®y «‘“P'y exposing linseed oil in thin 
layers (2 to 3 cm. in thickness) to the action of the sun for several 
^onths in leaden vessels with a flat bottom, a thick and almost 
■Mlourless oil is obtained. This is washed with boiling water to 
^iminate the acid pfinciples. and after decanting and fresh exposure 

®.'^®'y® *? vessels, a pale white, Umpid, and 

)nore rapidly drying oil is finally obtained. ^ 

'It poroos bodies seems to facilitate the production 

R5l*2itk ^*°8 oils, ll^us by treating linseed, walnut, or poppy-seed 
so as to form a solid mass, and by putting this into 
feMth^ware or porcelain ppts with wide ipouths, and plaoi^ these in 
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a cool place sheltered from the sun’s rays, two layers are obtained on 
thawing, one of which is aqueous and the other oily. The oily layer 
is turbid, but easily clarifies on standing. It possesses more rapid 
drying properties corresponding with the length of contact with the 
snow. It must not be forgotten that snow brings down nitrous and ' 
nitric acids from the air, and that these reagents rapidly oxidise lin- 
seed oil. 

Simple heating with ebullition of 3 hours and firing of the oil for 
2 minutes produces more viscous drying oils in a quick way. The 
operation presents several dangers, in that the oil easily takes fire 
and that, moreover, the disengaged vapours are noxious. These 
should be burnt as completely as possible. The temperature during 
the boiling should not be too high, otherwise the oil will darken 
greatly and lose in quality and in value. 

Certain writers recommend that linseed oil should be boiled in 
the presence of water, whereas others condemn this practice, pointing. ^ 
out the difficulty of clarifying oil so treated. Without doubt the 
presence of water lengthens the operation, but this expenditure of 
time is compensated for by the state of the oil, which is colourless and 
may even be obtained in a quite limpid condition, when at the end 
of the operation the greater part of the water is evaporated off by 
means of additional heat. 

The majority of makers commence by heating the oil to a tem- 
perature bordering upon boiling (about 150'" C.) before adding the 
driers. When this method is adopted a boiling pan large enoughi 
to allow for the augmentation of volume produced by the expansion 
and frothing of the oil must be provided, and the driers must be 
added by degrees and in as dry a state as possible. This is why 
certain recipes, without stating reasons, recommend the employment' 
of calcined substances, whereas it is claimed that a product of quite 
as good a quality can be obtained by putting the ingredients into- 
the oil before the fire is lighted. It is better, even in this case, to* 
employ perfectly dry material. 

Some makers put the driers into a bag, whereas others, following 
the very early example of Watin, mix up the ing^’edients and the oil., 
The results are equally good in either case. 

In discussing the question whether varnish-makers who cater for 
a mixed trade should supply their customers with boiled oil of their 
own make or purchase what they require for this purpose, Huenchen 
points out that makers in a large way of business have the requisite, 
plant for boiling oil themselves, and that by doing so they can secure- 
the margin of profit on the boiling, whilst at the same time they are ; 
certain of letting their customers have a genuine article. A good., 
deal has been written on the necessity for supplying pale boiled oil 
but in reality the demand for this grade is not extensive, and is onlyji 
suggested by the continuance of offers. A point of greater impoftanoe i 
"than colour is that the oil shall dry well, and furnish a durable coatih^ 
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for the surfaces to which it is applied. In the manufacture of oil 
varnishes, hoiled oil plays only a minor part, raw linseed or thick 
boiled oil being chiefly used nowadays; and in this connection it may , 
he mentioned that linseed oil which hecomt^ flocculent when boiled 
may be utilised for boiled oil, though quite unsuitable for varnish. 
While good boiled oil can be obtained with the aid of litharge, the 
use of this drier results in a good deal of foots ; whereas, when half 
the quantity of hydrated oxide of manganese, or manganese bomte 
(1 to l-J' per cent.) is used, the deposit is much smaller. Similar 
results follow the employment of such driers as the rosinates of lead 
and manganese, and these latter have the additional advantage that 
the oil only needs heating to 120’ to 180° C.,as compared with 220° to 
240° C. when the oxides are used. For the varnish-maker it is an 
advantage to prepare his own driers, since ho has all the appliances 
at hand, and can in this way reduce the cost of his boiled oil. 

Th&' Function of Ozone in Cansing Jjinseed Oil to ])n/ More 
Bapidlg. — Drs. Schrader and Dumeke used ozone not only for 
bleaching amber and other varnishes, hut to hasten the rapidity of 
drying of linseed oil or turpentine, and for the rapid bleaching of 
linseed oil. By passing ozone through oil contained in deep and 
narrow vessels, the action is finished in a relatively short time, and 
the oxidation ceases almost completely. If the oil is then exposed 
in shallow vessels to sun and air, further oxidation occurs, the 
bleaching and the thickening of the oil are hastened and the rapidity 
of drying is increased. In the manufacture of boiled oil the addition 
of a few hundreths of finished boiled oil to the linseed oil to be used 
facilitates the fixation of oxygen, and an action occurs similar to 
oil-hoiling catalysis. In practice the linseed oil is mixed with a 
small proportion of previously made boiled oil, and a current of 
ozonised air is then driven through it by a pfirnp, the oil being placed 
in tall and narrow^ vessels, which are heated by steam during the 
process. In a short time a white rapidly drying oil is obtained. In 
Pummerer’s process the oil is rendered colourless and transparent^ 
and its drying power is increased by subjecting it, with or without- 
heat, to the action^f a current of ozone in closed vessels. Pumps 
force or suck the gas through the oil until it ceases to be absorbed. 
The oil to be oxidised may be placed in receivers heated to 40° to 50° 
C. by a coil. The ozone enters at the bottom through a number of 
small holes so arranged as to make the contact between the ozone 
and the oil as intimate as possible. Certain piano makers use ozone 
for boiled oil. In his process for drying varnished marquetry, Carl ^ 
Hoch places the articles in an oven, and ozone is made to pass over/ 
them through pipes. Whilst Japanning requires a temperature ap- 
proaching 300° C. (572° F.), one of 35° suffices for the Hoch process* i 
which can then be employed with objects that it is dangerous to-, 
mak^ very hot. 

li Acrolein is a product of destructive distillation, and as oibboiling, 



is partially a destructive distillation product, acrolein is produced 
during oil boiling. It may be regarded as a toxic product. It is 
especially abundant in crude wood spirit. Prior to the Excise grant- 
ing the use of methylate! spirit for industrial purposes, the crude wood 
spirit used hy French polishers so abounded in acrolein that many 
of them — and quite young men too — went blind. The remission of 
the ordinary fiscal tax on denatured alcohol was dictated by humane 
considerations wholly and solely. For many a long year in America, 
up to about a decade ago, acrolein counted among its annual victims 
hatters and French polishers, although they have long had in America 
a pure methyl alcohol free from any trace of acrolein, but acrolein still 
counts its victims amongst the engineers who attend to a leak in the 
fractionating stills in which crude methyl alcohol is rectified. A whift 
of concentrated acrolein from a leak places them hors de combat for 
a week. Acrolein is not only produced during oil-boiling by steam 
but also in oil boiling by fire. It is quite a persistent product in both 
cases, the only consoling thing about it is, if it nearly kills the tyro in 
oil-boiling, it none the less does him a very good turn indeed. While 
his eyes are weeping copiously and smarting acutely and his nose 
discharging in streams, he can congratulate himself at being in at the 
death of that highly cunning old fox, the polymerisation theory. Even 
acrolein cannot be produced out of nothing. Ex nihilo nihil fit, and the 
tyro in oil-boiling has positive evidence of acrolein which belongs to the 
carbon compounds that are classed as aldehydes. And what is an 
aldehyde? Ah well, aldehydes are compounds intermediate between 
the alcohols and the acids. They are formed from alcohol by the 
abstraction of hydrogen ; hence the name, which is an abbreviation of 
alcohol dehydrogenatum. Preparatwn.—The aldehydes are formed 
by the oxidation of the alcohols ; ethylic alcohol, for instance, yields 
acetic aldehyde. 

CH3 

CH 5 HO -t- 0 = CH;, + OH 3 
COH 

Ethylic alcohol oxygen = acetic aldehyde + water. 

Acrolem. Acrylic Aldehyde, CR^CH COH, molecule weight 56.— 
One litre of acrolein vapour weighs 28 criths, boils at 52*4® 0. 

Preparation, — By the dry distillation of many organic substances 
as in oil-boiling and wood distilling. By the action of phosphoric 
anhydride or sulphuric acid, both of them dehydrating agents on 
fflvcerine. 

OH, HO 

OH HO » 20Ha -f CH, : CH COH 

CHaHO 

Beaction, — By oxidation acrolein yields acrylic acid — 

CH,OH Odb + 0 CH. : OH(CO.H). 
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Description of Actual Method of Preparation.— There are takeii ‘ 

* ' GramtEo*. 

Anhydrous glycerine 200 

Potassium bisulpbate fused ...... . 600 

Neutral potassium sulphate . . . ^ . 200 

The mixture is introduced into a litre flask with a short neck, the 
fused KHSO4 being finely pulverised and the whole intimately mixed. 
The glycerine ought to be previously heated for some hours in vacuo 
at a temperature of 180° C. under a pressure of 60 mm. so as to be 
' completely anhydrous. The neutral sulphate which is added after- 
wards is intended to fix the vapours of sulphurous anhydride which 
would completely polymerise the acrolein. The flask containing the 
mixture is connected with a good condenser, and the distillate is 
received in a large decanter surrounded by ice. The flask is heated 
on the sand-bath very gently during the first hour to avoid frothing 
and priming over into the condenser. The froth gradually disappears 
and the heat is increased so as to end the distillation in 3 to 4 hours. 
The acrolein separates on the top of the fluid distillate, the aqueous 
layer is removed as far as practical during the process so as to avoid 
too long contact with the acrolein. This aqueous solution of acrolein 
is heated on a salt-bath and the acrolein which distills is added to the 
upper layer, which is fractionated once or twice over precipitated lead 
oxide. To condense acrolein it is necessary to use iced water. The 
yield is 40 per cent, of the glycerine employed. Acrolein is a mobile 
liquid slightly soluble in water endowed with a piercing odour, which 
boils at 52*4 (126*32° F) under the atmospheric pressure. The only 
way to get quijt of this highly toxic fume, so dangerous to the eyesight, 
is to pass all fumes and vapours containing acrolein through a furnace, 
or the oil-boiling pan should be on the top of the roof, or a hood super- 
imposed over the pan leading the fumes to the condenser. The heat 
required to dissolve fused metallic rosinates in linseed oil is of too low a 
tempemture to regard the production of acrolein in that particular pro- 
cess, yet in oil-boiling at a steam heat of 35 lb. pressure in a jacketed pan 
* acrolein makes itself felt at an early stage, that is to say, under 248° F. . 

Dry Distillatiofi of Castor Oil — Under the action of heat castor oil 
. yields omanthol as wqjl as a certain amount of undecylenic and 
polyundecylenic acids. The distillation is effected in a 2 litre green 
glass retort into which 600 grammes are poured and the neck of the 
retort i^ connected with a tubulated matras of 1 litre cooled by 
a current of cold water. This matras is connected by its tubulure 
with a vacpum pump and the aspiration so regulated as to maintain.: 
' in the apparatus a pressure of about 100 mm. The retort is heated in 
an oil-bath until distillation starts and the temperature is so regulatedi 
^as to keep it constant. First, ornanthol passes over along with water» < 
'\then undecylenic acid bringing in its train a certain amount of itai 
^^lymers. The heat is stopped when the froth formed reacher' 
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a height of about 5 mm. and the bubbles of gas can hardly make thei 
way through the viscous mass. The residue being highly inflammabli 
it is well to wait until the whole is cooled before opening the retott 
The liquid distillate is t»'actionated on the water-bath under the sami 
pressure of 100 ram. What passes over up to 100° C. is a crud( 
Bnanthol. It is purified by fractionation at the normal pressure 
The yield is about 10 per cent, of the oil employed. The residu( 
remaining in the retort is distilled over a naked flame until tin 
contents of the flask solidify. The temperature rises as far as 24( 
(464° F.), crude undecylenic acid is thus obtained, about 20 per cent 
of the weight of the oil. 

PilMj thrnugli roof 
tlirongli winch hariu- 
k‘8M iiicoiidensiible gases 
(iilfuse into air. 



Fia. 8.S. — Two oil-boiling pots each set in its own brickwork furnace, each fitted 
with its own funnel-shaped dome. The latter is fitted to a pipe leading to 
another wider pipe through which a spray of cold water is injected under 
pressure. 

Oil varnishes, boiled oil, and spirit varnishes, such as are prepared 
by means of a volatile solvent, dry in different ways. Linseed oil 
varnishes dry by absorption of oxygen from the ai^’ when an increase 
in weight occurs. Oil varnishes dry first of all by the oil of turpentine, 
used as diluent, evaporating, and the remaining mixture of resin and 
oil oxidising under the action of the oxygen of the air, and finally 
becoming solid and hard. Spirit varnishes with volatile solvents, 
such as oil of turpentine, alcohol, benzine, etc., dry by the solvent 
simply evaporating, and the resin, no matter of what kind, which 
had been dissolved therein, remaining behind as a firm coating. 
These facts are widely known, and form the basis of the manufacture 
of oil and spirit varnishes, but, according to experiments con- 
ducted by And6s, and described in the “ Chemiker Zeitung," they 
only prove right if the boiled oil and oil varnishes are without 
admixtures of non-drying or verj^ slow-drying substances and* the 
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■ spirit vairnishes contain a single solvent of e^ual evaporative power 
"in accurately set down limits. In the case of deviations from the 
•above there will be other appearances. If, for example, boiled oil 
which by itself dries well, is mixed with a cejtain, but not very high 
percentage of mineral oil, an adulteration much in vogue, this 
addition will influence the drying capacity greatly, and it may occur 
iihat such a product does not dry at all. But if boiled oil is mixed 
with considerable quantities of mineral oil, a difl’erent observation 
will be made. The boiled oil applied in a thin layer takes up oxygen 
tfrom the air and dries, and upon the dry varnish coating remains 
a thin layer of non-drying mineral oil. In the case of a mixture of 
equal parts of linseed oil, rosin oil rendered drying, and mineral 
oil, the same action was observable. Boiled oil and rosin oil became 
'dry, while the mineral oil remained on the dried skin as a thin 
noating which might be wiped oil. From this it follows that boiled 
oil takes up oxygen with separation of mineral oil and dries, a cir- 
cumstance which deserves full attention in tlic examination of boiled 
•oil, and which, without any analysis, demonstrates the presence of 
mineral oil in large quantities. If oil varnishes are prepared with 
solvents of different evaporative power, e.g. with oil of tur))entine, 
which is adulterated with petroleum distillates, this does not exercise' 
any other action but that to retard the hardening, i.e. the drying of the 
varnishes. 

Oil-boiling by Direct Fire Ileal . — Oil is still boiled to some extent 
and fo^ special purposes in fire-heated cast-iron pans, often in the form 
of an inverted truncated cone, so that in priming the oil spreads over 
a wider area. Enamelled iron pans are also used, more especially on 
the Continent, but such pans are heavy and clumsy, and their use is not 
general in this country, where oil-boilers do not take to them kindly. 
The oil-boiling pan is half-filled with oil and heated for 3 hours. 
The oil is for certain purposes inflamed a few minutes before the fire 
is drawn. Again the oil is heated much higher, 200'' to 225® C. 
(392'' to 437® F.), and kept at that, sometimes it is said for 8 days, vide 
infra. So that the heat may not rise too high, a small quantity of tin 
is said to be sometimes added and care taken that the oil does not 
become so hot as to melt the tin, 228® C. (442*4® F.) but that would 
entail a constant watch* on the oil pan unless obviated by an electric 
bell arrangement. For a thick oil the temperature is raised to 
316® C. (say 600® F.) and kept thereat from 6 to 8 hours. But for 
pale boiled oil, it is not thought desirable to heat the oil so as to impart 
u brown colour to it and to liberate free linoleic acid, which dries more 
slowly than linolein. It has been urged that to produce a superior 
boiled oil the heat should not ri^e high enough to create destructive. 
- distillation of the oil on a wholesale scale, or to “ crack the oil, but^ 
should rather be kept at that temperature which brings about. 
^ such change in the oil which would superinduce that very peculiar 
ll^^nomenon known to purely theoretical chemists, and to them 



alone, as “ polymerisation That is said to occur between 160“ ant 
200“ C. (302“ to 392® F.), but even at that low temperature acrolein i'j 
given off, and acrolein and polymerisation are absolutely contradictory 
The lower the temperature at which the oil is kept, the longer doei 
the “ boiling " process last, but by working in this careful way a verj 
pale boiled oil is said to be obtained possessing great elasticity, anc 
such excellent all-round general properties that the lengthy duration o 
the process and the care taken in watching, it is claimed, are more thar 
compensated by the virtues of the oil. Continental writers tell us thai 
we in England thus devote a whole week to boiling a batch of oil ir 
this way ! The best answer to that is that the price of linseed oil ma) 
rise or fall as much as £5 a ton within the week. The oil boiler of the 
present day cannot afford to fall asleep over his oil-boiling pan and sc 
lose his market, not even once instead of seven times. 

Oil-boiling by Naked Fire . — When only small quantities ol 
boiled oil are required, the most simple plan is to boil the oil in an 
iron or copper pan of about 20 gallons capacity, with enlarged mouth 
to prevent the oil from frothing and priming over. This pan is at 
a certain height fitted with a collar or circular flange which supports 
it on the rim of a sheet-iron furnace, fed preferably with wood char- 
coal. The pot being filled to the extent of half of its capacity with oil, 
and therefore containing about 10 or 11 gallons, the fire is lighted, 
and as soon as boiling commences the driers are added in small 
quantities at a time with constant stirring with an iron rod. The 
proportion and the nature of the driers used vary much, accord- 
ing to And6s ; for the quantity of oil in the pot, either of the following 
mixtures may be used : — 

A. 2^ lb. of red lead. and 2 } lb. litharge ; or 

B. 2^ lb. of litharge and 2^ lb. sugar of lead ; or 

C. lb. of red lead and 8^ lb. sugar of lead ; or 

D. Ijt lb. to 3f lb. of borate of manganese ; or 

E. 2| lb. of hydrated oxide of manganese. 

Driers are previously ground as finely as possible, and the oil well 
stirred after each addition. As soon as driers are all in and frothing 
las ceased the pot is filled with oil just up to the neck, and the fire 
JO regulated that the heat does not rise above 220“ C. by means of 
t thermometer with metallic framework. The operation is generally 
jomplete in 3 hours, during which time the driers are frequently 
jtirred up from the bottom. The pot is then withdrawn from the fire, 
bnd the oil is set aside to clarify ; or if it be desired to start boiling 
b fresh batch it is run into a galvanised wrought-iron tank. This is 
i very simple arrangement, it has the drawback that the pot full of 
lot oil has to be lifted down from the top of the furnace, thus greatly 
jnhanoing the risk of accidents. Further, when several consecutive^ 
)oiling8 are made the heat is badly utilised. To remedy these draw'*-. 
)aoks a furnace built in a framework of masonry is used. The furnace' 
S sometimes covered with an iron plate, with fb circular hole into which^ 



fche pot fits. More often, the fire is underground, thus enabling tie; 
Workman to watch the operation at his ease, since the pot is then on 
on the same level as the ground. In that case a rather different kind 
of pot (Fig. 84) is used, so constructed thai |he oil does not receive 
throughout its whole mass, and at the outset, tnfc heat stored up in the 
brickwork. To obviate this the pan of about 20 to 22 gallons capacity,, 
generally of cast-iron, enamelled inside, is contracted in the middle 
and rounded at the base, so that the bottom only is exposed to the 



Pig. 84, — Portable oi!-boiling pot. A, B, flue and chimney-stalk ; C, plate on ; 
,whlch flange of pot rests, 

, action of heat. Otherwise the process is conducted as before, only 
the oil is heated a little longer, say, 4 hours instead of 3. This pot is* 
lifted off the fire on to an iron stand (Fig. 85) by two wrought-iron bars, 

7 to 10 feet long, passing through loops fixed to the side of the pot^ 
flso that in case of fire the bearers may be at a safe distance, but 
mechanical arrangements are now used to lift and convey both oil- 
?boiling pots and varnish pots from the fire. In oil-boiling by steam the' 
;^bil may be run by gravitation into the boiled oil store tank, however 
^r distant from the pan. 


^862. ' T& "iflNCFACTUBE OF yABNISHES'? 

/’ ' ' ' ' ' , 

When large quantities of oil are to be boiled no good purpose is 
•served by multiplying operations. It is better to use larger pons. In 
an extensive business the pans may measure 6 feet 6 inches high by 
6 feet in diameter. Fevertheless we more often meet with pj^ns 
having a capacity of 60 to 120 gallons. In fact big pots in oil-boiling 
by fire are clumsy, dangerous, and expensive in working and in hand- 
ling the boiled oil. The pan is of strong iron plate about I of an inch 
thick, is built into masonry in such a manner that the upper part 
controls a circular gutter of to 2 inches deep, which, in case of the 
•oil boiling over, conducts it to an adjacent receiver. The pan can be 
so built into the brickwork that it may be heated on part of its bottom 
.-and its sides, or, on the contrary, and preferably, on its sides alone. 
In the first case it so rests on the brickwork that the centre part of the 
bottom is exposed ; in the second case, so as not to overheat the bottom 
part, it is supported by a small arch of brickwork, thus preventing 



Fio. 85.— Iron stand (double) for holding pot shown in Fig. 84, after removal 
from fire. 

•solid matters from tenaciously adhei'ing to the bottom. The cy/m- 
drical form of pan is not always adopted. We often come across 
pans almost conical in shape, the narrow part of which forms the 
bottom — a form which has the advantage of distributing the heat 
more evenly, and, owing to the larger section, of diminishing, in case 
•of frothing, the chances of the oil running over. Such a pan is half 
•or at the most two-thirds filled with oil and at first heated gently, and 
when the oil reaches 100° C. (212° F.) the impurkies on the surface 
.are skimmed off. The driers, previously completely desiccated and 
ground very finely, are then added. It would not do to add them in 
the beginning, as they would fall to the bottom, and their effect be to 
a great extent lost. And6s gives the following proportion for 20 gallons 
of oil 


2| lb. red lead, 2^ lb. litharge ; or . 

2^ lb. litharge, 2if lb. sugar of lead ; or 
1 J lb. borate of manganese ; or 
2| lb. hydrate of manganese. 

Boiling is kept up for 5 hours not exceeding 220° C. (396°^ F.), 
The temperature is regulated by means of a thermometer in rnetal- 
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^sfc ftlthough the ultrA scientific may sneer at ji. xne more 
attention there is paid to ensure a constant regulated temperature 
the brighter and paler will be the oil. When very quick-dryine 
properties are aimed at ghe oil is boiled from 1 to 2 hours longer, and 
the amount of driers increased from 20 to 26 per cent. At the time 
of adding the driers the oil should be well stirred either with an iron 
spatula, or preferably by means of mechanical agitators (a revolving 
shaft with arms, or a simple hanging chain fixed at both ends to a 
horissontal shaft, bent twice at right angles, fixed above the pan ; the 
chain descends almost to the bottom of the pan and is turned by 
means of a crank some distance away). A wood charcoal fire allows 
a constant temperature to be maintained if the fire be well regulated. 
Coke will suit equally well. So as to lessen the risk of the tempera- 
ture rising too suddenly, which would colour the oil and cause it to 
overflow or aggravate the risk of fire, it has been suggested to use a 
movable grate, which can be lowered instantaneously, and thus cause 
the fuel to fall into a pit full of water (see Fig. .86). Movable car 
furnaces running upon rails (Fig. 87), and thus capable of being, 
^sily removed, have also been employed. Oil is sometimes boiled 
by immersing the pan in a sand-bath, or in a bath of a suitable alloy. 
But this plan is hardly to be recommended, because if the tempera- 
ture rises too high, the oil cannot be withdrawn from the source of 
heat ; the same thing sometimes happens when the pan is built into* 
masonry or set in brickwork, for even in the case of a movable 
furnace the oil remains exposed to the action of the heat. stored 
up in the brickwork. To remedy this the pan, which sometimes 
measures more than 9 cubic feet, is mounted on a kind of trolley. 
The circular opening of the fire is level w'ith the ground. If the 
temperature rises too high the trolley supporting the pan is removed 
from the fire ; a movable hood with counterpoise descends over the 
top of the pan and carries away the fumes. This enables the oil- 
boiler or varnish-maker to watch the operation very easily, and pre- 
serves the metal of the pan. When the operation is terminated the 
5il is ladled out, and on the large scale pumped into a galvanised. 
ron tank. As soon as the pan is empty it is imn?ediately recharged 
ivith another batch, and generally without being cleaned in any way.. 
The coating which forms on the sides of the pan prevents the oil 
rom darkening, but care must be taken to remove any excess of 
Iriers from the bottom of the pan, otherwise unintentionally an ex- 
sess of driers, which might have an injurious effect, may be added to- 
he next batch. When the skin becomes too thick it is scraped off. 
n certain factories this is only done once a year, or once in 2 years^ 
Che foots from oil-boiling by fire may be used in making black paints, 
vhioh are so difficult to dry. 

In Dullo’s process 250 kjlos. of oil, to which 7^ lb. of black oxide 
•f manganese and the same quantity of hydrochloric acid have been 
^died, are heated in a copper boiler without reaching the boilir^4 



^•'point. This is stirred dp with a spatula covered with a afi^t of zinc ■ 
*^he operation is finished at the end of a quarter of an hour ; by pro- 
I longing it the varnish has greater drying power, but becomes more 
i' fand more coloured. After remaining 24 hoirs the oil is decanted, 
and is limpid and fluid. The deposit is usediio make glaziers’ putty. 

In Barruel and Jean’s process from 100 to 130 gi-ammes of 
> ♦chemically pure manganese borate are ground up with 2 kilos, of 
old clarified linseed oil. The mixture is heated for a quarter of an 
* hour almost to the point of ebullition. The manganese salt dissolves 
.and the oil takes a chestnut-brown colour. The product dries in 24 
liours. 



IFig. 88.— K, oil-boiling pan, with fire-quenching arrangement; 11, agitator with 
blades ; M, crank-handle working cog-wheel gearing, C ; H, hood to convey 
fumes to chimney-stalk, E ; H, hearth, the bars of which are kept in poii* 
tion by the rod S, by means of which, if the oil threatens to prime over or 
catch fire, the furnace may bo extinguished by tilting its contents into the 
. vessel W, filled wth water. 

Boiled oils prepared with manganese and lead oxides dry slowly 
and do not give a hard varnish. The manganese driers give much 
the best results. As for litharge, it is the drier with a lead base 
which gives the best restilts — the oil dries quickly and the coat is 
hard. When the boiling has not been done at too high a temperature 
the oil is hardly coloured. Acetate of zinc is the drier to be preferred 
amongst those with a zinc base. The borate and the citrate also giv^j 
good results. Manganese borate and the acetate of manganese are the 
best driers with this base, the borate being the better of the two. 
When the acetate is employed the oil must not be heated much above 
SStf* C., otherwise it will take a dark colour, due probably to the 







formation of tarry products. The chlorides, nitrates, and sulphates 
are not good driers. The first two are too violent in their action 
whereas the last are difficult to decompose and require too high a 
tempemture. No advijjitage seems to accrue from the employment 
of the formates, citrates, and tartrates. 



Fio, 89.— Oil-boiling by naked fire. Tripicr-Devaux process. General view. 

I he Preparation of Boiled Oil for Ena^nelled Leather. — According' 
to And^s, the so-called blue varnish applied to primed leather, for the 
purpose of imparting thereto a blue-black tone, deep .brown in colour, 
and only becomes blue- black on drying. This process isjanalogou^ 
to the operation in carriage varnishing, wherein a thin transparent 



Fig. 90.— Oil-boiling by naked fire. Tripier-Devaux process. Longitudiua! 
section. 

coating of Prussian blue lacquer is applied to the black ‘surface in 
order to neutralise the greenish tone produced by the finishing varnish. 
Blue varnish, when dried on a metal surface at a temperature of 80®" 
to 90® C., gives a highly elastic coating that will even stand hammer- 
ing. The linseed oil used must bo of good quality and free (fom 
mucilage when heated to 240® to 300® C. After heating to thia 
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K temperature and recooling to 130® C.. it is mixed with 10 j^er cent, of 
Prussian blue (ground fine and made into a paste with linseed oil), 
the whole being stirred and heated until it froths up. The heating ^ 
■ of the mass is then continued with gmit carV until it thickens and 
' turns from blue to browm, the proper thickness lx‘ing attained when a 
rapidly cooled sample can be drawn out in long threads between the 
fingers. The finished varnish is left to cool slowly, so as to allow the 
undissolved blue, etc., to settle down, the supernatant varnish being 
filtered, and the sediment used up in. the next batch. Wiederhold 
found that the sediment in the pots consists of a resin (soluble in oil 
of turpentine) formed from the linseed oil employed. For use, the 
varnish is thinned down with oil of turpentine, driers being addki if 
drjdng is to proceed at the ordinary temperature. Nitric acid is also 
used in the preparation of l)lue varnish, being a powerful oxidising 
agent ; but its use is to be deprecated owing to the difficulties in the 
purification process. More complex formula) than the foregoing are 
sometimes used. For instance, 550 })arts of linseed oil, 3 of lead 
acetate, and 1 of anhydrous zinc sulphate are heated together at 200® 
C. until viscous, then mixed with 27^ parts of Prussian blue, 10^ of 
umber, 3 of Frankfurt black, 3 of manganese dioxide, 0 of litharge,, 

6 of ferric oxide, 3 ‘of manganese borate, 3 of brown shellac, 2 of 
dammar, 2-^ of molten amber, of sandarac, and heated for several 
hours at 200® C. before thinning down with turps. Mohr has in- 
troduced a method in which parts of ferric chloride and equal 
quantifies of ferrous sulphate and potassium feriocyanide are in- 
timately mixed, • moistened with nitric acid, and dried by heat.. 
Meanwhile, 100 parts of linseed oil are boiled for a couple of hours, 
and then mixed with the above preparation, the whole being in- 
corporated with I part ot tallow that has been allowed to grow rancid 
in moist air, 1 part of green earthy pigment, 1 of puzzolane earth,, 
and 1 of infusorial earth. 

Villons Method , — The oil after boiling is tanked from 15 to 20 
days, then run back into the pot, heated up to 100® C. (212" F.), and 
1 lb. finely ground bichrome added in five portions. It is kept at this, 
heat for quarter oi^^an hour, then the heat is increased up to 160® C., 
(320° F.) and kept at that for an hour. Prussian blue, 1 lb. for every 

10 lb. of oil (finely powdered and sifted through silk) is sifted on to the 

011 through an iron sieve. The heat is stradily raised until after 3 ' 
hours it reaches 250® or 300® C. (482® to 572® F.). Much inflammable, 
bad-smelling, irritating furats are given off during the process, so* 
that the pot should be covered with a hood in the form of a still head 
to carry aWay these fumes. A mechanical stirrer keeps the mass in 
motion. Whilst the blue-boiled oil has been in preparation, another 
mixture has been in preparation in an autoclave, viz. linseed oil 100 
lb., copal 100 lb., shellac 100 lb., turpentine 300 lb. This is kept at 
350®^C. for half an hour, 30 per cent, of this varnish is mixed with 
the hot oil. A sample of the substance when spread on a glass plat& ‘ 
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and cooled should form a deep brown shining coat without an^ 
stringiness or oily edge. , . 

Another Formula.—iOO lb. oil are heated to 100^ C. (212 F.) thei 

2 lb. of bichromate addjpd. The heat is increased to 160° F., and 4( 
lb. of Prussian blue added. The heat is increased so as to reach ir 

3 hours 250° to 300° C. (482° to 572° F.). On the other hand, 25 lb 
of linseed oil, 35 lb. of copal, 75 Ib. of Venice turpentine, and 7 parh 
of ceresin are heated to 350® C. (662° F.). The two solutions art 
mixed and thinned with turps. 





Fire Risks o>nd Prevention of Nuisance . — During boiling, pun- 
gent, inflammable vapours are emitted. Working with small quan- 
tities of oil, all that is generally deemed necessary to prevent fire is to 
have a cover at hand to place on the pot should the necessity arise.'* 
On the large scale, when the oil is heated in a pan, a hinged lid is 
fixed over the pan during the boiling by means of a cord. If the oih 
takes fireithe cord burns, and the cover falls automatically on to the^; 
pan. Different arrangements have been adopted so as to mitigates 
the fumes. On the small scale, a simple hood connecting with 



, chimney-stalk of sufficient elevation and draught is placed above 
the poi. . A better plan is to fix a sheet-iron lid or dome above the 
(h ig. 91), provided with an opening by which the process niav 
be watched, or the contents of the pot stirred. I The cap is connected 
by means ot a pipe with a tall chimney-shaft, the lower part of which 
.IS closed by a plug. Here thick viscous products with a vile odour 
condens^ Tliey are removed from time to lime bv opening the 
plug. The more volatile products escape liom the chimney-top. It 
IS, however, better not to allow fumes to so escape, and this may be 
effected by causing them to pass through a condenser which may be 
in connection with the chimney. A very simple way is to cover the 
boiling-pot with a movable lid provided with a “window” in the 
centre to easily open so as to permit stirring of contents. On the 
side is a disengagement tube, which can luted to a pipe con- 
nected with a condenser. The latter may be a pipe, shaped 
like an organ pipe, leading into a vessel containing water, or it may 
consist of a vertical cylinder, the interior of which contains a 
coil of piping, through which cold water circulates. The vapour 
passes through the space not occupied by the pipes, and is in a givat 
measure condensed. The advantage of this is that the wide, straight 
cylinder is not so liable to get choked up. It is advisable to use an 
aspirator because the va})ours are lieavy; by working with one 
or other of these arraiig(‘ments condensation is almost conijilete. 
If need be, the uncondensable vapours may be l(‘d through a lire to 
burn thgjra, as shown. Often no condensation is attemjited, and the 
fumes are led directly into the lire. The large (|uantity of air which 
IS mixed with the fumes docs away with any dangm . It is, however, 
necessary to he careful that the oil in the pan does not catch fire 
when these products are conveyed directly to the lire which lieats 
the pan, or to, a special furnace. The oil may take lire by the heavy 
vapours condensing in the pipe almost as soon as they leave the jian, 
and should there he any flaw they may run slowly backwards to- 
wards the lire and there become inflamed, and thus heat to redness 
the connecting pipe, which is generally of sheet iron, and thereby set 
fire to the condem^jd products in proximity to the boiling oil, and 
thus to the oil itself. This is easily remedied by protecting the 
lower part of the conduit pipe by fire-clay bricks, and adding a 
damper, so that communication may he shut off should the tempera- 
ture rise too high. If the fumes be condensed by means of a properly 
constructed condenser between the pan and the fire, no fear need be 
; entertained. 

Oil-boiltmj by Steam . — There are two great drawbacks, viz. danger 
of fire and the dark tint which the oil assumes in contact with over- 
heated surfaces. It has been tried to remedy these by boiling oil by 
steam heat, and ensure perfect safety, economy, and rapidity, advan* 
i^es,the more to be appreciated because this method produces pale 
:Ms. The simplest plan is to heat oil in a pan by steam coil. Steam 
,yoL. I. 24 



' ^ atiout 4 to $ atmospheres (60 to 75 Ih. pressure) is pa&ed tfrSugfi 
the coil so as to heat the oil to about- 150“ C. (302“ F.), but a 
lower temperature, about 40 lb. steam, may be employed. 
mechanical agitator sjoreads heat uniformly through the bulk of the|i 
oil. Working with a pan capable of holding half a ton of oil, when’ : 
oil has been heated for 4 hour the necessary driers are added, and. 
boiling continued for 0 hours, the mechanical agitator being kept 
at work all the time. The process is, says Livache, rendered 
more economical b}’’ using superheated steam. The steam before 
entering the pan j)asses through a coil in a furnace capable of 
bringing it to 400“ C. (752“ F.). When the superheated steam in its«, ; 
passage through the coil in the pan has brought the oil to the 
desired temperature, it is then only necessary to maintain it at that 
temperature by means of the steam admission valve. But there is. 
no necessity for this suj)erheating, 40 lb. steam does all that is re-, 
quired. It is not intended to distil the oil, and unless this were so 
there is‘ no reason for superheating. To work as economically as 
possible, the gases evolved from the furnace in which the steam was 
superheated are led underneath the pan and burnt to assist in heat- 
ing the oil. But it this be economical, it introduces the element 
of danger from fire, the obviating of which we had, amongst other 
advantages, in view when adopting the process of oil-boiling by’ ' 
steam. In boiling oil by a steam coil there is always a serious . 
drawback in maintaining a uniform temperature throughout the 
mass even with continuous agitation. Effectual comminghng of the 
oil and driers is impracticable; the latter settle to the bottom, and’ 
the coil of piping prevents the agitator from reaching them. Were it 
not for this drawback linseed oil could be very well boiled in a com- 
paratively shallow, lead-lined; rectangular wooden tank lined with ■ 

6 or 7 lb. lead. This, however, could be easily got over by pumping 
in air through a perforated pipe laid down so that each coil thereof- 
alternated with a coil of the closed steam pipe. This, in conjunction 
with the mechanical agitator, would effectually prevent the drier 
from settling at the bottom. By suitaole mechanical arrangements . 
a boiling pan made in this way would be equall^V eff-ctual and cost 
less, not only originally but also for maintenance, than the costly 
wrought-iron or copper vessels now in vogue. But certain manufac- 
turers deprecate the continuous stirring of the oil as likely to produce 
3ad results. And6s obtained good results by using a steam-jacketed 
pan (Fig. 92), 85 gallons capacity, 'made from strong iron plate, J- 
,noh in thickness, and able to stand a pressure of 4 or 5 atmospheres ; 
t is provided with a safety valve, blow-off cock, and a ta^ to run off 
condensed water. About 40 gallons of oil are run into the pan, the 
Jteam turned on, and when the pressure is sufficient the blow-off cock 


s opened for a minute to allow the steam and air to escape ; this 
Repeated several times, and the escape valve adjusted, so that onjy tli!| 
imall quantity of spent steam, the replacement of which by buj^ 
i^ted steam is necessary to keep the pan and eontentia at the- 



^ppirftttire, is aHoweS to escape. The condensed mteif is run oil 
mun iieoes^ry. The steam is regulated so as to keep the temperature 
between 125 and 132“ C. (257 and 269-6« ¥.), and the prooL lasts 
from 5 to 6 hours, but by prolonging the billing and using more 
dners better quality oil is obtained. If care* he taken not to ex- 
0^ 132*' C. (269-6" F.) the resultant oil is pale and bright. To 
Stimulate oxidation during the boiling process And^s fixes a mechanical 
agitator on the surface of the oil, which is propelled very slowly. The 
same driers are used as in boiling oil by bre, but it is advantageous 



^ 10 . 92.— Steam-Jacketod pan for <!ll-boiling fitted with blow-off cook'and pres- 
sure gauge. This nan has the great defect of apparently not being'provided 
with a fume condenser. 

^ alter the proportions.* Only half of the quantities of lead com- 
^unds should be used, but double the quantities when working ex- 
blusively with hydrated oxide of manganese or manganese salts. To 
economise, two steam pans may lie wrought together, the steam 
passing jfrom the steam-jacket of the one to that of the other. But 
it^is perhaps more advisable to utilise the waste steam so as to heat 
b>n intermediate tank the next batch of oil as it comes from the 
^ttling tanks, and previous to the actual boiling. This preliminary ' 
^ftning almost does away with the frothing of Bast Indian linseed 
A a|>d the consequent liability .of the oil to prime over into the^ 
when it is heated in the lacketed nan in thA iiaiial waxr 
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Vincent's Process for Oilrhoiling by Steam with Simidtaneous Ink ’ 
jection of Air. — In Vincent’s process a pan, preferably of copper, is 
used — having a depth equal to its diameter, of 2 to 10 tons capacity, 
and surrounded withj^a steam-jacket B, up to three-quarters of its 
depth, or to the oil level or a little above it, and capable of withstanding 
a working pressure of 40 lb. to the square inch — into the interior of 
which the steam is led, as a source of heat, and so regulated as to 
register throughout the process a pressure within the jacket of 35 
lb. to the square inch. The top of the pan is closed by a dome 
riveted to it, and pierced with a manhole. In the centre is a 
stufling-box through which pass two concentric vertical shafts — a 



Fid. 03. — Steam cfil-boilmg pans, showing how to coniujct up series from same 
steam supply pipes; L, exterior view; II., section ; K, agitator; KKj, steam 
jacket ; S, steam coil ; L, law oil charging pipe ; FF, boiled oil discharging 
pipes ; DD, steam inlet pipes ; SA, condensed water and waste steam exits. 

( 

hollow shaft encircling a solid one — armed with blades. By means 
of exterior gearing (Fig. 95 B) these fans turn in opposite directions, 
and in so doing intersect each other, and thus by their “dashing and 
cutting” action cause energetic agitation of the oil and thorough 
incorporation therewith of the driers. From the dome the fumes 
are either led by a 6-inch pipe to a condenser or into the furn&ce for 
heating the steam boiler. Finally, as soon as the pressure of steam 
on the pan registers 35 lb. to the sq. inch, equal to a temperature 
of 126*8° C. (260° F.), air is injected under pressure by means of 
a pipe passing through the jacket into the bottom of the pan. The oil 
to be boiled at one operation is first pumped into a large reservoir : 
where it is stored as long as possible; from this reservoir it is ru^ 
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into an intormodiate tank, traversed by a 1^-inch coil of iron piping 
through \vhich the waste steam from the pan passes, thereby 
economising expense besides facilitating the deposition of im- 
purities. The oil heated to about 35** C. F.) is pumped or 
run by gravitation into the pan, and steam turned on in the 
jacket. As soon as the pressure marks 2 atmosphert's, 35 lb. to the 
sq. inch, the agitators are put in motion and air ))um])ed in. The 




Flo. 1)4.— Steara-jack#ied jwiu willi agitator tor oil-boihng, etc., titted with safety 
valve. A, body of pan ; steam jacket ; C, bomb-shaped bottom ; D, 

blow-off cock; P], oil e&trauce; P, waste steam and condensed water exit; 
HH, cover; K, boiled oil exit. Both K and P are fitted with turncocks, 
not shown. The pan is also fitted with a pressure gauge. 

finely^ pulverised drier, beaten up with a little oil to the consistency 
of treacle, js fed into the pan slowly and in a thin stream through a 
funnel with a stop-cock fixed in the dome as soon as the oil in the 
pan has become evenly and thoroughly heated through its bulk, or 
about ^ hour after the steam indicates a pressure of 35 lb. Intro- 
ducing the drier in this highly comminuted condition prevents 
ooagtilation, and gives practical effect by complete diffusion through 
oil to Vincent’s theory of oil boiling by steam, which required 
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each particl(3 of oil to be in contact with, or in ])roximity to. a particle 
of the (iiicr uH(‘d and tin* oxygen of the air at the same time. Air is 
injech'd in this way so lon«^ as it is absorbed and does not cause the 
oil to troth up and prjtrie over into the cond(*nser, ft was thought 
at hist it might he advisable to heat tin* air before injecting it into 
the ])an, hut this would a])pear to he useless, as it h(‘comes so heated 
by the ])iessur(*. to which it is subjected in overcoming the w<*ight 
ol the oil, lifting the heavy valves, etc., that the pipes through 
which it jiassi's cannot Ix^ ln*ld in a fi}-m griji in the hand, and 



not only so. hut its passage through the oil cools the latter but 
very little. Tin* process lasts 4 hours. Hy means of a 2-inch pipe 
in the bottom ot the pan the oil is run into tanks where it deposits 
an^ undissolved driers, ete. it is through this discharge pipe that 
tin* ail’ IS injected into the oil. Injecting it in an\ other wav leads 
to the injection pipe getting choked up with oil-skms, etc. Boiling 
oil by Vincent’s process is esjiecially ajiplicahle for use with the 
rosinaU'S and liiioleates of manganese. Vincent left us no record of 
the diier he used, possibly it was the borate of manganese ; but the 
solution given under manganese acetate is an excellent drier for use 
in this process in the proportions stated. 
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pan IS fitted with the following accessories, viz. blowing ap- 
pliance m the sha]^ of improved double-acting air pump with metallic 
air valve, and perlorated air pipe leading to the inside of boiling pan. 
By the use of the metsj/lic air valve all risk of stoppage is avoided 
as (wmpared with the ordinary class of pumps, which are fitted with 
leather or india-rubber valves, or by internal agitator working with the 
double-acting air pump lor ensuring the chemicals being thoroughly 
mixed with the oil during the process of boiling. Self-contained 
belt driving gear for actuating the double-acting air pump and agitator. 
The above is arranged to be driven from any existing shaft, and the 
necessary steam for boiling is obtained from the main boiler of the 
manufactory, where the boiling iian is fixed. Other fittings are steam 
pressure gauge, gun-metal steam and drain valves, and main draw 
oit tap with branch pipe. 



Steavi-heat Oil-hoiliiuj . — This new (jonstructioii is most suitable 
01 the employment of steam at any pressure, but it is especially in- 
tended to remedy the inconveniences arising in lA;ating, melting, or 
eyai)orating such matei-ials of which the boiling- or melting-point is 
higher than 200". With many of the arrangements employed till 
now, it is almost impossible to prevent these materials from burning 
or igniting. To apply overheated steam direct to the material is for 
chemical or physical reasons in many cases impracticable. An in- 
direct heating with overheated steam becomes expensive bemuse 
^fficient heat can be gained only if the steam passes through quickly. 
If the overheated steam is allowed to stagnate in the heating pipes, 
the transference of heat is insufficient on account of its little specific 
heat. Moreover, the boiling vessels always require to have smooth 
Walls because of the emptying and cleaning, and serpentine ^ipes 
must not be put in because they would hinder or even prevent th6 
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stirring of a liquid. With the patent boiling vessel all inconveniences 
are clainWl to be removed: it affords great safety* in working, and 
permits of special arrangements suitable to all branches of industry. 
The peculiarity of this boiling vess(‘l consist|i in wiought-iron ser- 
pentine pipes of great strength (for instance, Perkins’ pij,)es), being 
cast in its massive metal walls so that the heat introduced into the 
pipes is rapidly communicated to the well-conducting walls of the 
vessel which surround them, thus reaching the contents of the vessel. 
The inside walls ot the vessel are smooth. The outside walls are 
protected against radiation by a heat-protecting coating. The pressure 
of the heating medium, for example, steam or hot watei*, is com])letely 
ahsoihed by tin* thick- walled IVrkins’ j)i])es, th(' walls of the vessel 
being consequently entii'ely free from ])n‘s.sure. The vessels may be 
piovided with arrangtunents required for eitlH*r purpose, such as 
stirring apparatus, steam dome, etc. 



BoiliiKj bjj Suprrhraird Air . — Notwithstanding the advantages of 
oil-boiling by steam, there is one drawback which has hetui con- 
sidered so serious by some nkannfacturers as to lead them to give up 
this method. Kveu with superheated and thoroughly dried steam 
there was always if certain amount of moisture which acted on the 
metal of the pan, piercing it in holes and causing bursting or explo- 
sions. Superheated air was therefore substituted for superheated 
steam. This air is drawn by a fan from the supei heater to the 
(steam) coil or jacket, and is again retui ned to the superheater, thus 
working in a continuous cycle. The difference between the specific 
heat of steam and that of air renders the economy of the hot-air pro- 
cess very problematical. The coil in the pan is of copper, which, 
although dearer than an iron one, does not colour the oil. As copper 
is also attacked by hot oil, it has been recommended to electro-plate 
it with silver. The coating need only he but very thin, as it under- 
goes no wear and tear. 




:'Fig. 99.— The Craig extractor for extracting oils, fats, etc. Section of linseed oil 
■ ' boiler (A. F. Craig & Co., Ltd., Paisley). 

t load compounds and 1 to 2 per cent, of hydrated oxide of manganesot^ 
^The deposit which forms at the bottom of the pan consists of a 
^^^iscous mod, and when a drier with a lead base has been used, we ^ 
hnd a notable quantity of metallic .lead, whilst the boiled 
[||t0df only contains about 1 per cent, of oxide of lead, li foildW^i 
oxidisable principles of the oil have jreduoed arcerlui^^ 



Itontity oi bxi^e o# lead ; (2) that a certain quantity of bxide of leaq 
^ ^rowA down in the form of lead salts insoluble in oil ; (3) that a 
l^t of the oxide of lead enters into a solublt^ combination with the 
oil ; this combination takes place by the sijnple saponification of 
certain glycerides of the oil, and consequently a corresponding 
quantity of glycerine is liberated. These different reactions are set 
up from the commencement at a raodei*ate temperature. When 
manganese is used instead of lead, the boiled oil contains about 
I per cent, of oxide of manganese. 

The temperature ought to be regulated between 210^" and 228'* C* 
(410® to 442*4® F.) so as to get a good boiled oil, because (1) oil when 
heated commences to give off volatile products at about 230® to 236® 
C. (446® to 456*8® F.), with the formation of fatty acids which yield 
oxidation products of inferior quality, requiring longer time to dry. 
When it is required to .produce a limpid oil with but little body 
(which is not always the case ; take printers’ ink, for example), it 
is advisable not to go ‘beyond 230® C. (446® F.). (2) Again, as a 

consequence of the saponification of a small quantity of oil a corre- 
sponding quantity of glycerine is liberated ; now if this glycerine 
remained, in the free, state, in the oil the oxidation products would 
never dry perfectly but remain tacky. The glycerine must therefore 
be eliminated; this rcisult is obtained by prolonged boiling, for the 
glycerine is partially carried away by the volatilisation of certain 
principles of the oil, which are given off in small proportion during 
the whole process, however carefully regulated, and even although 
the temperature remains lower. than the temperature of distillation of 
glycerine. Another portion of the glycerine decomposes under the 
action of prok)nged heat, either in presence of metallic lead, as found 
at the end of the operation, or into volatile products such as acrolein, 
acrylic, formic, or acetic acids, and finally the larger quantity reacts 
upon the triglycerides of the oil, forming diglycerides which after- 
wards oxidise and dry perfectly. Now this latter reaction in which 
1 molecule of free glycerine^combines with 1 molecule of a trigly- 
ceride to form 2 molecules of a diglyceride, says iiivache, occurs at 
200® C. (392® F.), And to get good results, therefore, the tempera- 
ture should not get belo’SY 200® C. (392® F.) nor rise to 230® C. (446® F,)< 
A temperature of 220® and 228® C. (428® to 442*4® F.) is aimed at. 
Finally, the process lasts from 3 to 6 hours according to the size 
and shape of the pan, and the manner in which the furnace is built 
on which the pah is heated. The oil ought to be boiled long enough 
for tKe abc^ve reactions to occur, hut the boiled oil finally obtained 
Iff better in quality the longer it has been boiled, for on prolonged 
boding a polymerisation of the glycerides takes place, giving a final 
b|X)duct which oxidises more rapidly and is very elastic after drying, 
fording to Livache, this is the reason why in England, instep oi 
rapidly so as to break the oil as in France, the operation 
on very slowly at the lowest possible temperature, tEl 
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boiling proceeding for several days, sometimes for even a week. Bui 
as already mentioned, the fire boiling of oil is long out di date in 
Britain. . 

When oil is boiled^ by superheated steam, or superheated air, the 
temperature is regulated between 125” and 130° C. (257” to 266° F.). 
The latter is superheated to 4 or 5 atmospheres, relaxing in the 
steam coil or jacket to about 2 atmospheres. It will be readily 
understood, looking at the matter trom the double point of view of 
safety and economy, how difiicult it would be to superheat the steam 
to such a temperature that the steam in the coil or the jacket would 
be at 200° C. (392° F.), because it would be necessary to heat the oil 
to 15 atmospheres. Consequently the liberated glycerine remains to 
a larger extent in the oil, and thus prevents it from drying so well as 
fire-boiled oil. However, as the oil boiled in this way is very pale, 
endeavours have been made to got over the difficulty, either by using 
a larger proportion of manganese drier, so as to have a more energetic 
oxidation and thereby a splitting up of the glycerine, or, preferably, 
by producing direct oxidation by a current of hot air, or finally, l)y 
causing a cui’rent of air to circulate thi-ough the whole mass of heated 
oil, or by projecting on the surface of the oil a small quantity of 
water so as to carry away the glycerine in its train. However this 
may be, it is most likely the reason why many persons prefer oil 
boiled by lire-heat. Nevertheless, prolonged boiling by steam 
diminishes and even abolishes this drawback. *' 

Clarijicatiou of Boiled Od. — When boiling is finished the'v)!! con- 
tains (1) suspended solid matter, (2) coagulated or carbonised organic 
matter, (3) insoluble salts, (4) undecomposed or unreduced drier, etc. 
To hasten deposition the oil should be left at rest as hot as possible, 
because it is then more fluid and limpid, thus facilitating the more 
rapid deposition of extraneous matter. It should therefore be run 
from the boiling pan into the settling tanks as soon as the steam is 
turned off the pan. Working with small pans which can be easily 
handled, all that has to be done is to Iffc them off the fire and to let 
them stand for H days at least. But when working with large-sized 
pans built in masonry, they must be emptied qiiickly, by a ladle or 
by a pump, as hot as possible, into a reservoir of the same size, 
where it is left to deposit for a fortnight at least. There need be no 
difficulty in drawing hot oil from one vessel at a certain level to 
another vessel at a lower level by means of a lead-pipe syphon, 
which should be perfectly dry and filled with warm oil and held in 
the hands by a piece of stout felt if it be desired to touch [t after it is 
set. In setting it the charged syphon should be bfought as close to 
the surface of the hot oil as possible before letting go, or the end of 
the syphon may be plugged up and the plug driven out after it has 
entered the oil. After standing for a fortnight the decanted oil may 
be sent into the market. If stored too long before being used; the 
oil, at first limpid, becomes cloudy, or at least dull, when knocked 
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about in moving or transported in barrels. This is due to chepiicftl 
changes, which supervene slowly throughout the mass. All that has 
to be done is to allow the oil to stand for a day or two after it has 
reached its destination, and to decant cautioiisly. The amount of 
deposit formed in this way should not exceed^l to 2 per cent, of the 
oil. Some oil boilers, who ought to have known better, have been 
known to fill boiled oil into drums for despatch abroad after scarcely 
24 hours’ settling, and that after boiling with 10 per cent, of cotton- 
seed oil! It need scarcely be rejnarked 
that goods made in this way are liabU^ i 
to be returned, and orders lost never 
to be regained. When cotton-seed oil 
is cheaper than linseed oil it is some- 
times attempted to l)oil it m the ])ro- 
portion of 10 to 20 per cent, with 
linseed oil. An oil ])roduced in this 
way will never clarify? leaving alto- 
gether out of account its diminished 
drying propertifs. Its very (jU(*stion- 
able recommendation is that it is an 
excellent way of jiro'ducing a super- 
abundance of boiled - oil “ foots ”. 

Cotton-seed oil is, in fact, only classi- 
fied as iu drying oil to fit in with the 
ideas theoretical chemisls, who 
would fain make practice and actual 
facts subservient to theory. They 
choose to ignore the fact that stearine 
abounds in cotton-seial oil, and that 
nothing w^ill prevent the stearate of 
lead and manganese from continuou'-ly 
settling out ad injiaUtim. 

The very prolongeil storing of ^ ^ , , 

bothd oil, far from improving it, <I<- Tank for storing 

teriorates it, especially in the case ol fsl, showing conical arrange- 

lead-boiled oil. After from 5 to 10 ment for deposition of fwts 

years the oil separates 'into two frac- and draw-o(T corks at difTerent 

tions, the one solid and brittle, whilst j^d (f><*novan & Co., 

the other, retaining its fluidity, can 

till be used. Oils containing manganese alone do not alter in this 
vay.* The deposit formed during oil-boiling varies, according to the 
[uality of the oil and the boiling process adopted, from 5 to 8 per cent, 
if the quantity of oil treated. It is of medium consistency, and, ac- 
lording to the quality of the oil, the colour varies from white to 
Fellow. And6s states that impure, bad quality oil gives a white or 
Fellow deposit, whilst well-purified good oil yields a brown one, with 
la granular or crystalline appearance. If the boiling process has 


wiiuuucw, i.D. »y n ceinperamre not 
;ihis deposit constitutes the only loss. It is carefuily oolleotsT^oe 
,W)rth sometimes as much as 50 to 60 per cent, of the oil ns^ ■ fl 
finds a use m the manufacture of mastic (cements), soap and low>* 
quality paints especial.y low-quality blacks, the tint of whibh it do^ ' 
not injure, whilst it greatly improves their iiatumlly bad drying 

£5 rt fb /“ did not cost iorf tLn . 

£5 a ton, the /o.m oiUbodmfj and the cost were compensated by ^ 
adding 2 or a per cent, of thick rosin oil to the raw oil before boiling^ ' 
This percentage does not affect the finished oil to any great extent ® 
BoM Off. -Boiled oil or oil prepared as just indicafed is a im- . 
^itant factor in painting. However, in house decoration raw linseed ' 
oil s the vehicle used in painting. Baw linseed oil jienetrates wood and 

irh Ti 1 ^ impenetrability of 

wood to boiled oil 13 held by many to be one of its drawbacks. It is 

ground along with white, that is to say, white lead, so as to obtain 
a sott pasto which is thinned down in various jiroportions with linseed 
^ oil and spirits of turpentine until the desired fluidity is obtained. If 
a certain shade- is desired, the colouring matter beaten up with a small 
quantity of oil is added; finally, if very rapid drying is required 
^what are known as “Patent Driers” (siccatives) are added, \hese’ 
may consist of (1) a solid powder (litharge, red lead, or zumatic i e 
a mixture of oxide of zinc and borate of manganese) ; (2) litharge or 
manganese-boiled oil when there is no reason to tear the painting or 
by a drying oil, the drying properties of which have been stimulated 
treatment (precipitated lead, acetate of lead, etc.) • or 
(d) finally, of special preparations, the base of which is oil known 
under the name of liquid driers, but which are only used with 
coloured pigments, as they turn white tints yellow. The paint so 
iormed slovvly changes when spread upon any surface in a thin layer 
te a solid body, which forms a protective coating against exterLl 
influences. The paint ought not to dry too quickly, for the slower it 
dries the more it is capable ot expanding, and thus lasting the longer 
The fluidffy ought to he such that the' paint flows easily from the 
brush whilst at the same time it does not run in streams, but spreads 
out in a continuous homogeneous coating. The coating must also 
te thin enough to prevent the formation of Jiellicles at the surface, 
which w'ould hinder the part underneath from drying. It is there- 
tore advisable to apply several successive coats. But each of these 
ought to be allowed to dry thoroughly before the succeeding one ie 
tpphed. With hnseed oil substitutes, none of which can possibly 
orm insoluble Imoxin on drying, the second coat of paint' is sure to 
toturb the first, especially if applied to outdoor work in warm weather ' 

If spirits of tur^ntine or thinners be added to hasten the drying!; 
JiMffuto of all kinds should be avoided. They give rise to mort^ 
“pry and annoyance than eventual economy. In some exfee ' 
titanoes one might as well anulv math'vkte,! 



spirit ''varnii^h'W apply a 

Pi^titut«8. In using boiled oil a brilliant coiiting is not aimed at^ | 
'0^ question of appearance being subordinate to that of resistance and, ^ 
durability. It is preferable to impart brilliaiioy by a final coat of 
varnish. ’ For the grinding of paints in oii.litirt’ and liquid, see J, 
Oruickshank Smith’s Manufacture of Paint (Scott, Greenwood & Son).;, 
Qualitative Test, Rosin in Boiled Oil , — As a qualitative test for * 
purity of boiled oil Ifippert recommends the Storch*Moniwski reaction 
2 or 3 drops of boiled oil are dropped into ^-inoh test tube, taking;; 
care not to come in contact with the sides, or the oil will char in the ^ 


sulphuric acid afterwards added. About U c.c. of glacial acetic acid : 
is then poured in, well shaken up, and left to rest until most of the | 
oil has collected on the surface, a little sulphuric acid (sp. gr. 1’03) 
is run down the sides of the tube, and collects at the bottom. At 


the contact ;5one between the two acids there forms a brown ring,^ 
which assumes different colours in the upper portion, and is rendered 
more prominent by geqtle shaking. Pure boiled oil, containing lead 
or manganese oxide driers, boiled with the oil, gives a dark brown 
coloration, whereas rosinates or aided fish oil or rosin oils, will give 
red to blue shades. Maize oil, said to be largely used as an adulterant 
of l)oiled oil in America, also gives a red coloration. A pure linseed ^ 
oil, which gave no colour reaction, was )>oiled with an addition of 
rosin driers prepared by dissolving lead oxide and manganese hydrate 
in rosin, when the tempeiuture attained 150' (;. This latter, too, 
gave np colour reaction in the Storch-Morawski test, but the result- . 
ing boiled oil gave a beautiful blue colour in the acetic acid layer. 
High priced linseed oil has led to considerablci adulteration witli fish 
oils, a very large quantity of sardine oil having been exported from , 
Spain for that purpose. Oils adulterated in this way were tested by , 
the Storch-Morawski reaction, and mostly gave a violet coloration. 1 
Saponified and shaken up with water they all exhibited considerable 
turbidity ; and when extracted with petroleum spirit furnished a thick j 
oil of disagreeable odour, which (unlike rosin oil) was readily soluble 
in glacial acetic acid, and ^ave a beautiful red coloration under 
the Storch-MorawjJci test. This substance was analogous to that;?; 
extracted from fish liver oil by Jean, and gave the same handsome ; 
purple colour reaction ^frhen treated with a drop of sulphuric acid, 
;,the acid turning red. The faculty of furnishing this colour; 
reaction, however, disappears when the oil has been exjx)sed to light 
W some considerable time ; and a similar behaviour was observed in ; 
ithe above when stored in the light for a year. The actual presence 


fish oil \^as also proved by the extraction of cetyl alcohol, melting - 
50® C. In connection with the alleged drying properties of fisiu! 
I^ils, it is mentioned that these oils when mixed with driers throwf; 
copious precipitate, and therefore render the diyers inopera- J 
Moreover, the paints prepared with such oils remain sticky 
and have a muddy appearance, that there does not seem t^| 
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be ar^y prospect for the adoption of fish oils as paint vehicles (Ohem. 
Rev. Fett. u. Harz-Ind.). • 

Linseed Oil Snhstitutes — The varnish-maker and oil boiler and * 
paint grinder often require substitutes for raw materials which have 
risen in price, and also to change raw materials which have not risen, 
when painters can nevertheless no longer afford to use the products 
made with them. 

The pale colour, .somewhat thick consistency, and slight smell 
(when well made) of refined rosin oil (RRO) have naturally brought it 
to the front as a substitute for linseed oil when the latter is too dear. 
The objections that have been urged against rosin oil are that boiled 
oil in which it replaces part of the linseed oil will not answer with 
lead or zinc pigments, but make a hard cement-like mass after only 
a few days, that the coats easily turn yellow, do not dry properly, or 
only very slowly. The slow drying of rosin oil and linseed oil when 
boiled together cannot be remedied even by large quantities of liquid 
drier. This addition, too, greatly darkens the. colour. It is true that 
good drying rosin oil is made in Kngland, more especially in Scotland, 
and a few places elsewhere ; but once it is mixed with linseed oil it loses 
its drying power to a great extent, and the varnish will dry no better 
than if inferior rosin oil had been used. To make ordinary refined 
rosin oil drying, it is heated by steam in shallow pans, and kept at 
about 130” CJ. for from 2 to G hours. From 3 to 5 per cent, of drier 
(borate or rosinate of manganese) is then added, and the s^me tem- 
perature is kept up for another hour. Of late, solutions of ,vosin in 
petroleum are added, together with the rosin oil, to the linseed oil. 
The rosin makes the result better, but does not improve the drying 
qualities. It is true that a mixture of good drying linseed oil, with 
not more than 25 per cent, of refined rosin oil (KRO), dries well, but 
it has the drawback of decomposing with lead pigments. 

Pietzker, of Hamburg, makes rosin-oil varnish from fused rosin, 
with sulphites or hyposulphites as driers, and then dissolving the 
whole in the rosin oil. His process is to melt some rosin, dissolve 
resinate or lineolate of manganese, lead or copper in it, and then, when 
the temperature has fallen to 100” C. he adds 20 to 40 per cent, 
hyposulphite of potash, lime, magnesia, lead, or zinc, or sulphite of 
potash, either dissolved or stirred up in waiter. The whole mass is 
carefully stirred, and kept at 100” C. till all the water is evaporated 
and the mass is quite limpid. The sulphur compounds are then 
allowed to sink to the bottom. Of the rosin thus prepared, from 5 to 
20 per cent, are poured into hot rosin oil, in which from 3 to *0 per 
cent, of the above-mentioned rosinates or linoleates ‘have been 
previously dissolved. The same result is attained by dissolving in 
rosin oil 5 to 15 per cent, of rosin and 5 per cent, of a linoleate or 
rosinate, and then adding 5 per cent, of the hyposulphites dissolved 
in water, and heating and stirring to get rid of all the water. A 
process is as follows : From 3 to 5 per cent, of rosinate or linoleate . 
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of iMnganese or lead are dissolved in rosin oil. The solution is 
^irred. u^at oO C. with a strotiR solution of a chlomte or chlorite. 
The mixture is then allowed to stand without* cooling till the water 

the I'rencli e<iuivalent forour hoiled oil, Uiiik cute, 
be readil). lecognisahle it is not so with the fiermaii equivalent, Fimug, 

present a uthoi hixs been protesting most energetically against the 
German being rendered into English by incoiiii!^tent ond 

Muldei dehned /•intt.ss as including all substonces which leave 
k*”u w. «"'‘»ce, when a solution of a solid Ixxly in a fluid, 
which latter when appli.'d as a lilin evaporates, leaving behind a shin- 
ing elastic ilm— very apparently a fals.‘ delinition which applies both to 
our own oil varnish and to the German JmIc and the French VernU 
and not at all to the German Firnm, nor to our own boiled linseed oil’ 
nor to the I'rencb lliiMridle. Uven German authorities themselves 
declare very positively it would be far better to deline their Finikuc. as 
<jekochic.s hvwL In Germany this false delinition of Firniw. is so 
general that Wegor rightly describes it {Finik,ie} as a linseed oil, heated 
to a high temperature and maintained thereat for some lime. Idppert 
takes Leinol finiisse to mean a linseed oil containing leail or man- 
ginese. Jt has been a great .Irawback that botli the lOnglish and 
French false rendering of the German /.V, »/.s-.sr should he varnish and 
F«nu.s' itspectively, and not rendered truly as boiled oil and HiiUk cuite, 
This lalse rendering has been the cause of a continuous flow of 
most ridiculous technical ultra-stupid errors in fact for several decades. 
It has already 4)ee II statod that linseed oil containin^,,^ driers is termed 
DOiled oil, which definition, he it well understood, is wholly and solelv 
applical)le to hoiled linseed oil. Thei-c is no such thin^^ on the market 
as a ^^enume sample of a boiled oil in a gentual sense other than 
linseed. The purchaser of hoiled oil invariably means “ boiled linseed 
. But this definition is i e#.>rded by some authorities as incomplete. 
Weger defines it thus: hoiled oil (Lc.inol Jirim^c) is a linseed oil 
prepared with oxygin, or substances containing oxygen, which dries 
in the air in a thin film in less than 24 hours. This definition was 
added to later on, and boiled oils were classified as (a) oxidised boiled 
Dll, (b) linoleate.lxiiled oil, and (c) rosinate boiled oil, by Bippert. 

In preparing boiled oil w^e are told that it varies in quality with the 
geographical source of the raw oil. Oil from Baltic seed is to be 
preferred to.all others. A very good hoiled oil is produced from the 
oil from Dutch and Morocco seed. Then follow (I) Indian, (2) S. 
Russian, (3) North American, and finally (4) La Plata seed. ' Both 
(a) soil and (b) climate influence the quality of the oil. A great 
valutas l>een attached to old tanked linseed oil, i.e. oil that has been 
.ftotej a long tinie, as being, in virtue of such storage, especially 
.$uitable for varnish-making. Numerous writers, including Wilson 
\ VOL. L 25 



Neit, from whom most of them have copied without acknowledemeih 
have prescribed that linseed oil for varnish-making should be. storei 
1 to 2 years, ^ ^ 

Mulder gave the ff^llowing instructions for preparing a good boile< 
Oil : ^nseed oil is boiled with 3 per cent, of red lead, with access o 
hour^-no temperature was prescribed— allowed to settle 
and ^i^tered. To finish, the boiled oil so obtained was sun-bleached 
in lead-lined vessels. As far as the chemistry of oil-boiling was 
concerned, Mulder found that on heating linseed oil with lead oxides 
at wat^er-bath temperatures a certain amount of glycerine was split off 
and that the corresponding quantity of lead went into solution as leac 
linoleate. 

Sajmiificatum of Linfieed Oil hy Lead Oxide,-~~C. H. Hall believe? 
that during the action of lead oxide on linseed oil partial saponifica- 
ion may occur, but that idea goes back beyond the memory of man. 
11 litharge or red lead be mixed with linseed oil to form a paste the 
latter with access ot air becomes thicker and can be dmwn out between 
t ie lingers. The cause cannot be alone ascribed to the formation 
ol linoleate of lead, which only dissolves in linseed oil in the cold with 
very great difficulty to separate out afterwards, J. J3. Hannay treats 
the question differently. He found that during the heating of ‘linseed 
oil with litharge to 170^ C. (338^ F.), he only obtained glycerine-free 
water. I<rom that he concluded that the lead oxide was distributed 
between the glycerine and the fatty acid, with formation of a plumbo- 
gljceiic linoleate with the following formula i 


CH,, . 0 . Pb . 0 . CO . 

CH . 0 . PI) . () . CO . C];H,„ 
CH,.O.Pb.O.CO.C,iH,,' 

iMtinlly this lead glyceride plays an important role in. drying 
Mari)- believe on very good grounds that oil-boiling consists in dissolv- 
,ng a certain amount ot lead or manganese in the oil, amongst others 
Dr. habin of New York. 

The Degree of Heat Used in Oil-boiling.— Jhe necessity for oil- 
Chevreul fold ns that oil heated to 
ro 0. (lo8 h.) for 8 hours dried better than oil heated to a high; 
empcratm-e. Mulder denied it. He heated linseed oil in a ret^ 
vithout any acceleration of the drying power ; he also heated a linseed’ 
111 for j hour and then boiled it for .J hour with a similar result. How« 
iver, he regarded the actual heating of linseed oil in oil-boiling as usefol^^ 
.8 by Its means his linoleio anhydride was prepared, which does not dry ' 
uy farther, and which in virtue of its rubber-like nature improves the 
film. It excludes air and volatile matter. It, however, is soft and 
does not cover well, therefore the paint does not set well. ’Weger 
asserted that the temperature of oil-boiling does not affect the 
time of the oil, e.g. Weger heated a linseed oil for 3 hoOrs -svfti^ 
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pQv cent, of red lead to 200° C. (392° F,). The oil took 3 days to 
dty t witn an oxygen number of 14-0, whiht linseed oil prepared from 
eoluble driers solely in the cold dried in? hour's. Be it well under* 
stood that 3 per cent, litharge would have givei# quite different results 
to 3 per cent of red lead. 

Friend thickened Baltic linseed oil by heating (u) to 200° C. 
(392° F.) lor 30 hours, (b) to about 300" C. (572° F.) for 3G hours, 
(c) to about 300° C. for al)out 42 hours without appreciable oxidation, 
with the result that (i) the coeOicient of expansion steadily fell, (2) 
the density and viscosity rose with the tempemtun^ and length of 
treatment, (3) the molecular weight in l)enzene solution rose from 
740 for the raw oil to 760, 1000, and 1420 respectively. A thin film 
of linseed oil when exposed to oxidation loses very ap])reciahle 
quantities of water, (!Oj,, and organic vapours.^ Maximum increase 
in weight merely coincides with a point of equilibrium at which 
the oxygen absorption ^counterhalances the loss due to escaping 
.vapours, and then* can he no ratio l)etween the increase in vviught. 
With a sample of pure (’alcutta linseed oil during the various 
successive stiges of oxidation the density of the oil gradually in- 
creased, the expansioh coeflicieiit fell, ihen^ being an increase in 
volume up to the setting point j-sAcj of the oil, alt(;r which the linoxin 
[sic] slowly contracted. The maximum increase in weight occurred 
after the oil had reached the setting ])oint.“ The expansion is dffpend- 
ent on tjj^e increase in weight so that the addition of certain substancc3H 
to the oil which reduce the maxinumi increase in weight probably by 
facilitating the e8ca])e of volatile substances also reduces the expansion. 
The contraction suffered by linoxin on prolonged exjiosure to air 
explains the cracking of old paint. 

Effect of fioilimj Linseed Oil at a Hitjii Tc'm,peraiui'e.'- -T\\vt boiling 
of linseed oil at a high temperature is prejudicial, and witli leiwl-hoiled 
dils colour and hardness are injured. But if a linseed oil hfj heated 
without driers for 120 hours to 150° C. (302° F.), it is very long in 
drying, but very impervious aftd lustrous. It lejaves a dark film. 

'' Thick boiled oil is naturally difficult to apply in uniformly thin 
films. Fabrion applied three partially so-called polymerised [sic] 
, liqseed oils on tin plates, left them 10 days in the air, and determined 
i/bl a^toxidation products, viz. the oxyacids. 

' ‘ effect of percentage of oxyacids in linseed oil on 
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laaxii^ttm increase in weigHji seem incompatible. 
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ite concluded that boiled oil dries the better the less oxyacidA it 
contains. This conclusion is not, he states, free from risk of errot, as 
without doubt, in thd case of B and C, the films were thicker and 
therefore the process fms not complete in 10 days. 

Lippert got for a stand oil with a steady rise, inner half 24 days, 
with oxygen number 9*6. To account for this low number he con- 
jectured that during drying depolymerisation [sic] occurred. 

Weger obtained in a much shorter time, but with more slender 
films, still higher numbers, viz. 18 days for a stand oil, ll'l; for 
a thickened oil, 10’7. The maximum weight occurs at the time of 
drying. The drying point is not sharp and is difficult to ascertain. 
A remark of Genthe’s that linseed oil heated to 350° C. (672° P.) 
does not dry any more needs no contradiction. As Fahrion points 
out, in actual practice there is no over-boiled oil. 

Does a Mucilaginous Oil Yield a Defective Boded Oil ? — Weger 
asserts that linseed oil mucilage in oil-boiling in nowise plays an 
important r61e, and mucilage-containing and mucilage-free oils gave,, 
on the large scale, no difference in drying ; the latter dried sometimes 
better, sometimes worse. Weger collected the coagulated mucilage or 
“foots” from a large quantity of oil on a filter, and tried, with little 
success, to free it from oil by draining through porous tiles. It then 
formed a yellowish gelatinous transparent mass, which still left very 
good films on glass plates, and in 34 to 44 days gave an oxygen 
number of ]2’8 to 14*7. It has been urged that a previously de- 
rnucilaginated oil is therefore not a desideratum, seeing raw oil is 
seldom used in oil-boiling, but is mostly bleached with fuller’s-earth 
or sulphuric acid. But that is not correct. Oil so prepared is used as 
a vehicle for white colours, and every one of sound common sense 
will agree that Wilson Neil acted on the most sound principles 
conceivable when he freed linseed oil from mucilage by calcined 
magnesia, which if dearer than fuller’s-earth is a much superior re- 
agent for the purpose. 

Weger’s definition of boiled oil includes oil boiled without driers, 
but which has been treated with oxygen to produce previous oxida- 
tion. Hence linseed oil on blowing absorbs U known weight of 
oxygen and passes into linoxin quicker dian raw oil. Prior to 
Mulder various opinions prevailed regarding previous oxidatidn. 
The oxygen of the air acted during oil-boiling by direct removal of 
the used-up vapours by the current of air (Webster). Against this 
Binks concluded to get a good boiled oil with 0*2 per cent. ^nS 04 . 
0*6 per cent. PbO should be warmed 4 hour at 60° C.,»and then a 
current of air blown thorough it, between 35 and 40° C., to thicken the 
oil and dissolve the drier. 

According to Mulder, partial oxidation of the oil during 
boiling was due to the use of litharge. When red lead was used. as.;, 
partial oxidation with formation of lead linoxate occurred, alsdi 
air was excluded. Lead linoxate, writes Mulder, produces a hardi^^l 
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iog of the film, whilst by heating linseed oil with litharge, with ex- 
olnsion o^ air, lead linoleate is former]. Finally, Mulder imagined 
this was confirmed by the following experiilient : oil boiled with 
2‘6 per cent. PbO was mixed with 25 })er cent.|Of white lead, and the 
mixture, spread oh tin plate, exposed to the air. 

BJm'n Oil —The exact time when linseed oil was first blown dur- 
ing oil-boiling is unknown ((1. Vincent, 1870). (lermau literature is, as 
usual, probably in error historically when it states that blQwn oil came 
on the German market from England, and its us-3 as boiled oil directly 
recognised. But Weger denies it is boiled oil. lie found that with 
cold oil blown for 25 hours the oil neither thickened nor dried 
'quicker, it absorbed little or no oxygen. On blowing the oil with the 
aid of heat the increase in weight in a thin layer begins sooner, and 
is much more rapid towards the end than is the case with the luw 
oil. But the rapidity of drying is not acceleiuted ; thus if a linseed 
oil dries in 3 days with the oxygen number of 15’ I, by blowing this 
oil on the large scale between 130' to 140 C. (26fi to 284" F.), it 
likewise dried in 3 days with the oxygen number of 14*0. Both 
samples were 3 )ears old. 

A raw Indian linstHid oil dried in 0 days with the oxygen number 
of 16’8; the same oil blown for 25 hours at 250 (’. (482" F.), and 
thus very viscous, dried in 64 days with the oxygen absorption 9*3 
per cent. 

Stconhciufs licficai'chea on Jilown Oi7.s', -From these he concluded 
that the thicker the body of the oil the; longer it took to dry. With 
the appearance of soluble driers, the blowing of boiled oil was said to 
come into vogue, hut only during part of the time. But oil -blowing 
was very general before soluble driers, possibly it was borrowed from 
the lubricating oil industry or the linoleum industry. It simply con- 
sisted in blowing the oil for 1 hour at 12(F to 150'’ C. In an example 
given by Weger the temperature was lower. A linseed oil with 2^ 
per cent, of lead manganese rosinate added to it in the cold, dried in 

days with the same oxygeji absorption. Again, Dunlop and Sherk 
have shown that the iodine number of a long blown lead-manganese 
boiled oil had sun If to 24’9. 

Ozonised Oil — An energetic method of making a more rapidly 
drying oil is partly due to the action of oxygen. Linseed oil treated 
with ozonised air for 2 to 3 hours increases in thickness and assumes 
all the properties of boiled oil. Schrader and Dumoke tried aWief 
ozon^ation. The reaction proceeds when linseed oil is placed in flat 
basins, especially in sunlight, which, moreover, acts of itself. The oil 
bleaches, thickens, and dries quicker. Sherry converted non-drying 
oils by ozone, using platinum black as catalyst, into drying oils;, 
Pfannes’ electro boiled oil is prepared thus : A mixture of linseed 
oil is converted by a strong agitator into a permanent emulsion, and ' 
an efectric current passed through it simultaneously. The decom- 
(tKiaition of the water generates ozone, whilst the linseed oil with in* 
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temperature is so altered that it dri^g more rapiiy the loi^c 
the above treatment lasts (see And^s, “Drying Oils’V W^e 

IhifjT * ^^7' “°®‘ ozonised oils, the bulk o 

which came from England, contained Pb and Mn. Genthe made . 
senes of experiments with a technically blown oil, free from lead am 

which he himself had made in a manner not free from error. 

Asm-ung Boiled Oils. The Length of Time a Boiled Oil Takei 
^ Dry.— This naturally figures in its valuation. The maximum time 
has been given as 24 hours, but generally is not nearly so great. Yet 
the saying *at a boiled oil is so much the better the quicker it dries is 

Th« two different things, 

u M 1 used to estimate the time of dryinef. The 

gradual hardening followed up with the lingers. The estimation of 
e oxygen number is done in a practical manner. It is the be-all 
and end-all as well as a refinement of the drying test. 

iiei/iod 0/ the Percentage Increase in Weight of Boiled 

Ltnued Oil During Dryiiig.~Th& increase in weight of the oil, due 
to the absorption ot oxygen is estimated thus : .4 drop of boiled oil 
IS spread by a clean brush, or by the fingers, or a dainty spatula, in a 

perfect y clean and completely dry glass plate. This is then pro- 

!! !^ and then left Vo itself 

at about lo C. The film is tested fi-om hour to hour, later on at 

is'compSrd.r 

surface drying, which occurs 
mostly with thick films, with a bog of undried oil underneath, fixes 
dust, and on diying therewith causes discoloration. Closely allied to 
the time of diying are the properties of the dried film. A good boiled 
^ should yield a ustrous, transparent splid, but elastic film (with no 
MueLe"'^”^'^ underneath), capable of withstanding atmospheric, 

ja/arncc of Source of Baw Off.-Linseed oil from Bussian seed 
, r dnes more free from tackin^s than Indian and La Plata seed i 

th.f 0*fe.-I„ lead-boiled oils it is claimed^ 

. Jbat the oil film is more of the nature of leather, whUst manganese- 
^fied oil IS harder and more brittle. Finally lead-boiled oil.^ter a . 
^rtam time, shows a very strong adhesion of the oil film. .Generally, ^ 

, the Wm tacky. Bosinate of lime renders it very hard. But both are" ’ 
adulterants pure and simple of boiled oil. . 

£lment in Testing BapidUy of Drying.— In te^mr/s 
Jhe repidityofdryingwith the fingers, the per^^l elLentlnte^SI 
■ ^ that, under quite identical circumstances, different 



ljuite different times of drying. The slightest pressure of a feet 
' 34nch giaiH may go much further than the heavy pressure of a bantam'. 
Attempts have been made to eliminate this personal element. Ban- 
dow, instead of the fingers, usetl small strips paper at intervals of 
If hour. When these can be removed without part of the film re- 
maining adherent thereto, the latter is dry. 

Tesihuf ilte Elasticity of a Dried Film <f Boiled Ot/.— To test the 
elasticity of the film, strips of drawing-paper were coated two or three 
times and well dried. Then the strips were folded twice biokwards and 
forwards, covered with a glass plate, and the latter weighted for 24 
hours with 2 kilogrammes. The folds should then show no cracks. 
Steensdruf hung strips of paper in the Iwiled oil ; the quicker these 
dried, the higher up they rose in the filter paper. That is very 
questionable, as drying does not depend on body alone, but also on 
specific gravity. The above methods are not adopted, and the finger- 
nail tests have the field to themselves. For one thing the filter paper 
test seems inherently ^rong, as every paintci* knows that raw oil 
penetrates the pores of wood very well, but boiled oil applied to 
, wood dries mostly on the surface. Why, therefore, should filter 
paper be more readily* penetrated by boiled oil than by raw oil ? 

Effect of Surround iiiffH and Superincumbent Atmosphere on Drying 
of Boiled Oil. — .\nother defect lies in the surrounding conditions. 
The assertion that a l)oil(Kl oil dries in sd many hours, or that a boiled 
oil dries ‘quicker than another, is not necessarily correct. If an oil 
dries in* 10 hours to-day, it may take 12 hours to-morrow, and next 
day 8 hours. In one situation A it may take 7 hours to dry, whilst 
the same day in situation B it may take 0 hours. (Correct figures 
can'only lie got by tests on many different days, and when the time 
an oil takes to dry is given, great latitude has to he allowed. 

Two different boiled oils can only be correctly conipai ed when they 
are both applied at the same time \yith one another (see (’hevreul’s 
remarks). 

Normal Boiled Oil. — Weger used a standard boiled oil for com- 
parative testing. Such a normal boiled oil is prepared in a practical 
way with a knowr#weight of drier, using the newer driers, or a boiled 
oil must be selected, one which will not deposit any further, and 
which does not dry slowly. 

Manganese Eosinate. Standard Boiled Oils. — As drier, manganese 
rosinate is chosen as the best. It is dissolved in double or quadruple 
its weight of pure linseed oil at 150'' (302'' F.). The solution is 

eventually tfiltered, and then diluted to an Mn content of 1*0 per cent, 
and of this normal solution 10 per cent, is added to raw linseed oil. 
But this linseed oil must itself always be of normal quality, and this 
condition Weger regards as still more difficult. | 

; Lead Manganese Eosinate Boiled Oils. — In the following table ^ 
irihpwn how the time of drying of the same boiled oil varies at differehjl 
It also shows thpt the temperature at which the oil is boiled 
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has BO eifeci), and that with both soluble as well as with insoluble ' 
driers. All three boiled oils contained 0'18 per cent. Pb’^and 0’03 
Mn. A was prepared^ in the cold with lead manganese rosinate, B 
with the same drier, ^eated tor 2 hours to 260^ C. (500" F.), and C 
with litharge, and hydrated peroxide of manganese heated for 2 hours 
at 220" C. (528" F.). The figures show time of drying in hours, and 
the three horizontal figures, the comparative results of the tests. 


COI^rPAKATIVE TESTS WITH COLD AND HOT- PHEPAHED MAK- 
OANESE liOSlNATE DKIEKS AND MAN(L\NESE PEROXIDE 
BOILED OILS. (WE(}EK.) 


Samples. 


a 

h 

c 

d 

e 

t 

{I 

h 

i 


n 

r>i 

7 

7 

8 


4 

4-4 

7 

H 

/ 

r>i 


4 

44 

4 

44 

'^4 

'4 

Over 8 

’>4 


Besides these rosinate-boiled oils, two oxide-boiled oils wpre pre- 
pared by heating linseed oil with hydrated peroxide of manganese. 
Drying tests gave : — 

DRYINCt TESTS MADE ON FH.MS OF LINSEED OIL BOILED WITH 
VARIOUS PROPORTIONS OP AIANGANESE HYDROXIDE. (PER.) 



Pvr Cent. 

Per Cent. 

Per cent, of actual drier used 

MO 

0-22 

Corresponding per cent, of Mu 

. . 0-50 

0‘10 

Working Mn content 

0'81 

010 


Hours. 

Hours. 

Time of drying, a . 

4 

44 

„ „ 6 . . . . 

5 


„ ,, c . . . . 

4 ^ 

5 

„ „ . . , . . 

4 

4 

M M . • • 

. . . 4^ 

5i 


The above results solve the second aspect of the case. 'With a 
certain Mn or Pb content the pace of the maximum drying capacity 
is reached. By further addition it remains constant. 

; Chevreul makes the following statement in regard to the drying ; 
of paint : — “ There is this remarkable fact, that the resultant or%oi4i,;Li 
the activities, drying powers, of each of these substances entorffi^ v^ 
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iiato Ihe composition of paint, cannot be reckoned by the sum of the 
^tmtiee of each. Thus ])ure linseed oil, the activity drying power 
of which is represented by 19H5, and oil treated by inan^neso with 
an activity of 4719 will, when mixed, possess|an activity of 30,828." 

The following is a practical deduction from figures in following 
Table ^ 


'TABLE SHOWfNd THE JNCKEASK IN WEKJHT ON ORVINCJ (,)F OIL 

Boiled with h i*eu cent, of lead manoanese hosinate. 


Hours. OxygiMi Al*sorptio!i. 


IV I 

1 0-0 

2 I 1-4 

i\ 

• \ Vr[) 

r» ; 10*1 

r. : i;es 

7 : l.V-2 


i I 

Drier;^ not only hasten the drying ]>rocess, but the inetallio oxide 
driers formerly in so much use decreased the oxygen number of 
the boiled oil to a much lower figure than that of the raw oil, some- 
times by as much as 100 per cent. That is not now the case with 



Tosinate and linoleate driers. The oxygen number of normal boiled 
oil hUs within a range of 12 to 16, others have found higher figures^,- 
found 17’6, though the grea?er number of his figures are under . 
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' . ' ' \ ^ ^ 
16. A typical example of the course which present-day boiled Oi& 
undergo during the process of drying, is that afforded by a linseed 00^ 
prepared by Weger, by treating the oil by 3 per cent, of laid man- 
ganese rosinate “in the cold". 

The graph (p. 393) shows an S-shaped curve, whilst during 
drying volatile matter escaped. The ascending line is almost 
straight. 

The following table by Lippert seems to show that during drying 
the film of boiled oil remains constant for a long time before a de- 
crease in weight sets in. It also shows that the thickness of the film, 
may vary between 0’7 and 1*2 milligramme per sq. centimetre with- 
out the result being affected. 


.TABLE SHOWING STATIONARY POINT IN DRYING, AND HOW FAB 
FILMS MAY BE VARIED IN THICKNESS WITHOUT AFFECTING 
RESULTS. (LIPPERT.) 


- 

I. 


HI. 

IV. 

Thickness of film Mg per sq. cm. . . | 

008 

1'24 

1-07 

1-08 

Oxygen number in 10 hours. . . j 

13‘0 

18-'8 

13*2 

13-8 

H 22 ,. . . . ; 

13-5 

l;T0 

13-0 

13*0 

18’2 1 

12-7 1 

12*4 

12*9 

M M 4 „ . . . i 

12-0 j 

12*5 

12-0 

12-4 


12*1 ' 

12'0 

— 

12-0 

♦ I n 7 ,, . . . 

IM 

11-3 

— 

11-6 


1 10-8 

10'4 i 

— 

tlO'7 

!! 91 ;; ’. ; ; 

0-9 

: 0*0 

— 

O’O 

M „ 104 „ . . . 

0-8 

! 5-7 

— 

5*8 





an4 colourl^ glass and found in the letter oase that oaiiygen 
; #8orptio4 occurred moat quickly. Mulder confirnaed the good effect 
of Stthligbt. In two of his experiments with Ihiseed oil his film was 
only 8 milligi‘amme per sq. centimetre thick^and yet his results at 
the present day are too low. 

Mulder overlooked, above all things, the maximum absorption and 
i^garded the process as finished in 13 days. It is I'eadily understood 
that more volatile matter escaped in the sun- 
light than in the shade, and as Weger remarks, 
it is the combined action of light and heat. 

Day, therefore, has the advantage over night, 
and summer over winter. Weger found that 
it was best to start the drying test in the early 
morning. A test, at that time, gave him the 
result that a film in sunlight took one-half to 
one- third less time to dry than in the shade. 

According to Genthe tl?e great effect of light 
is established, and, in his opinion, the special 
uviol light hastens drying better than atiy 
drier. The result of two tests with a boiled oii, 
obtained by dissolving 1 per cent, of lead oleate in linseed oil, 
is shown in curve A, in diffused light in B, in darkness not shown. 
The boiled oil took 15 days to dry in the dark, and 8 days in the 
light. • 

Heaf exercises a very decided infiuence on the character of dry- 
ing; oxidation takes place more rapidly, whilst at the same time, 
the oil being more fluid, the oxidation is more thorough, the oxygen ' 
penetmting the oil better and dee^x^r. 

Influence of Temperature on Time if Drijimp — The assertion that 
drying is accelerated at a higher temperature is generally correct. 
Paint and varnish dry more rapidly in summei* than in winter. 
Chevreul found linseed oil at ‘HTf to 28'* G. dried quicker than at 15* 
to 18® C. Mulder found in a* test with linseed oil it took 8 days to 
dry with the oxygen number 0-2. The same oil in a parallel test on 
bin plate, heated dtHly to 80® (’., dried in the same time, with the 
oxygen number 10*9. Aocording to Livache'^a high temperature acts 
$o energetically that so-called non-drying oils' are converted into dry- 
ing oils (1). Olive ofl treated with litharge and manganese borate, 
j»nd ^posed to the air in a thin film, dried in 7 to 80 hours. Weger 
Jives liji® following inFormation regarding acceleration of drying at 
iinsreased temperatujres : — Pure linseed oil which in winter, at the 
formal temperatut^, took 5 to 7 days to dry, dried in 3 to 4 days in 
mmmer in a dark-drying oven at 50* C. in 12 hours, at 95® C. 1 hour, 
^nd.at 120* C. in 30 niinutes. The drying of a hydrated peroxide oG 
nan^nese-boiled oil at summer teniperature was 14 hours ; at 95* O.j 
to lO mindies, and at 120® C. 15 to 20 minutes. A litharge-boiled 
to 2 hours; at Jl^* C. in 20 minutes. A noma! lead ittan^^ 
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^ ganese rosinate-boiled oil dried in 10 hours ; at 95® C. in 45 minutest 
and at 120° C, in 15 to 20 minutes. 

Effect of Atmosphhric Moisture on Drying. — Mulder made no 
experiments, but madefseveral remarks thereanent to the effect that 
atmospheric moisture must exert a great effect on the drying process. 
Weger did not regard this as completely proved. He placed glass 
slabs on which the same boiled oil was spread equally thick undef 
two glass bell jars ; one of these contained a basin with water, the 
other a similar basin, but in neither case did they talfe longer to dry 
— sopietimes the drying was accelerated. No rule can be formulated. 
Lead and lead manganese-boiled oils dried more rapidly in moist air. 
The manganese-boiled oil, however, took longer to dry than in the 
capacity of a di'ier. Lippert tested the point, and Weger’s statement 
was not altogether confirmed. He laid the plates at one time in the 
summer air, at other times in a dessicator in added air, from which, 
by repeated treatment with H^SO^ and P^O-, every trace of moisture 
was removed. The oxygen numbers found were collected in a table 
from which we can only give the general results. Manganese oxide, 
borate, and rosinate-boiled oils set quicker and dried quicker in the 
drying room, and the drying was accelerated othe more the greater- 
the manganese content, maximum 0*4. Generally, drying in moist 
air was quicker the less the Mn content. The oxygen number rises 
in the drying oven up to 16, the poor in Mn (content is less than 0’06) 
boiled oil, in moist air, gives higher numbers than manganese-boiled 
oils rich in manganese. With lead-boiled oil, however, ttie lead 
content of the boiled oil plays no part, and drying is affected but 
slightly by moist air. Only in two cases did the oil dry more rapidly 
than in moist air, and Lippert declares Weger's opinion incorrect. A 
tendency towards improved drying appears to occur with lead-boiled 
oil. The oxygen numbers varied from 11 to 16 and dried as well in 
dry as in moist air. The dry air-dried coating dried very hard, but 
after storing in moist air was very tacky. On taking the plates out ' 
of the dessicator a peculiar smell made itself felt— those in moist air 
smelled rancid. In very moist air the coats ran into one ahother or 
collected together in the form of drops. ^ 

Effect of the Drier on the Time of Dryimj. — Mulder on this point 
waged a great warfare. He gave many formulae much too high, 
others far too low. Chevreul concluded that linseed oil should be 
boiled with 15 per cent, of metallic oxides, and Binks desired to dis- 
solve 2 to 5 parts of lead linoleate in 1000 parts of oil. Mulder ' 
made no experiments on the point, but his boiled linseed oil with 
2*6 PbO did not dry quicker when he added a further quantity of 
litharge or red lead. From that he concluded that 3 per cent, of 
drier to linseed oil was quite sufficient. To solve these questions ' 
;^eger made two series of tests, using as driers a fused Mn rosinate ■ 
with 2*5 soluble Mn and 50 per cent, free rosin, also a lead*^lriia ,^5 K/ 
. jlfanese rosinate with 8*10 soluble Pb and 35 per cent, frqo r0^& 
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The driers were dissolved at 150® C. in double their weight of Imseed 
oU, and K*om this concentrated extract the right addition was made 
to a good old-tanked raw linseed oil. A knovfn quantity of the sec- 
native content can be given, as the result follc^ws the increased rosin 
content or the amount of deposit which occurs. 


TABLE SHOWING TIME IN HOUUS TAKEN l^Y UNSEED OIL TO 
DRY WHEN BOILED WITH DIFFERENT I'HOPOHTIONS 
MANGANESE ROSINATE. (WE(JEH.) 


Drier, per cent. 


11-0 

H-.83 

rcfjfi 

4-75 

3-33 

1*5 

Manganese, per cent. 


0‘28 

0-21 

01 7 

0*12 

O-OH 

0-04 

Hours, a . 

8*25 

8-2.5 

8-2.5 

K-.-) 

0 

10-5 

About 12 

„ 6 . 

7 

7 

7 

7-2.0 

7-5 

H-‘25 

„ 10 

,, c . . 

7-5 

7-5 

7-5 

7-.'i 

7'.0 

8-2.0 

10 -.0 

„ . 


G-25 i 

(>-.5 

0-7.0 

Jl-75 , 

8-.0 

0‘.0 

„ e . 

‘I 

<) ; 

!l 

! !l‘.0 

8 


0-26 

„ / • 

7 

it'h 

7 1 

7 

7 

0 

7 

,, r/ • 

(>75 

8 1 

i 

H-.'i 1 

t 1 

♦»-7.0 , 

7'.0 

7-5 ’ 

1 About 8-5 


TABLE SHOWING 'PIME IN HOURS TAKEN liY LINSEED OIL TO 
DRY WHEN B(flLED WITH DIFFERENT l’ROB( )RT10NS OF 
MANGANESE LEAD ROSINATE. (WEOER.) 




Drier, jxjr cent. . . . ‘ 

4*70 

3*33 

2*0 

i*n 

Manganese, per cent. . . 0 01 

0*;«l 

0*27 

0*18 

O'OO 

Deadlier cent. . . . < O-ll 

0*08 

0*Of) 

0*03 

0*02 

Hours, a . . . . ' 2*7,0 

.*1 

3*0 


-- 

„ 0 .... a 

2*7.0 

3*0 

4*2.0 

.0*7.0 

„ c . . . . ' 3*2.0 

3*0 

4*0 

0*20 

fl 

d , . . . : 6 

0 

.0*0 

r.-o 

8 

e . ' . . . 4*.0 

4*0 

5*70 

AV)out 8 

Over 8 

!! / • • - • 

r> 

7*0 i 

M 0 

„ 10 


7 

8*0 i 

10 

„ 10 


0*7.0 

r» ' 

i 0*70 

M 10 

i . . 4*7.0 

or, 

0 i 

1 Over 10 

„ 10 


When using rosinates it is useless to add to a linseed oil more , 
than *5 or 0 5 per «ent. Pb + 01 per cent. Mn. The drying capacity 
of the oil will not be increased and a greater amount of foots will 
be deposited. Two further tables by Weger relating to fused 
manganous li»oleate are not reproduced, as Weger himself does not 
regard the results as satisfactory. But he states that there iff no 
use,, in utilising this drier, of having a greater manganese content 
in the boiled oil than 0*2 per cent. He regards 01 per cent, as a 
better maximum. The following table collates results of tests made 
by Lippert. Their Mn content is less than half Weger’s maximum,.; 
lippert prepared his own drier by precipitating an alkaline solution^ 
of rosinate of soda by manganese acetate and dissolving the pr^f: 
<^pl&tein ether. For complete evaporation of the solvent a heat iff 
lOtf C. was applied for an hour. The residue was a yellow powder ^ 



oontciiiliitig 4 per cent. Mn. The solution in linseed oil Wfts heated 
tor a quarter of an hour at ISO"* C. (^OT F.). ^ 

THE EFFECT OP ALT7?RING THE PERCENTAGE OP DRIER AND IfS 
Mu CONTENT ON THE OXYGEN ABSORPTION OF LINSEED OIL* 


Drier . 

Mn . 

' ; ; ; 

Per Cent. 
5-2 

0*20 

Per Cent. 
3*0 

0-15 

Per Cent. 
1*6 
o-oc 

Per Oentr 
0*6 

0*02 

Increase in 

M 

weight after 12 hours j 

n „ HO „ ! 

M „ 40 „ ; 

>» »> ,t 1 

M „ 80 „ 1 

0*5 

14-0 

14-0 

Decrease 

0-6 * 

14-4 1 

14*4 1 

Decrease j 

4*9 

15*5 

15-7 

Decrease j 

2*1 

16*0 

16*9 

17*0 

Decrease | 


From the above small content of drier if may be said the more 
drier used the quicker the drying, but the lower the oxygen absorp- 
tion. This assertion is not confirmed by J. Petrolf, who tested three 
manganese rosinate-boiled oils with 0’136, 0-176, and 0-220 per cent. 
Mn. The time of drying was 10, 12, 14.1 hour^. However, he used 
in his drying tests a thickness of film of 3 to 4 milligrammes per sq. 
centimetre. 

Steenberg also obtained anomalous results due to the fact that 
he used the anomalous glas5-plate method. The drying took much 
longer than in actual practice. As typical of his results, those ob- 
tained with a manganese-boiled oil contained 0-2 per cent, of Mn, as 
precipitated manganese linoleate made by himself. 0*9555 gramme 
boiled oil gave in i to 13 days the following oxygen absorptions * 
2-5, 11-8, 13-7, 13-9, 14*0, 14-5, 151, 155, 16-1, 16-6, 16-7, 16*7’ 
I 6 - 7 . These figures are shown in the accompanying graph: — 
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.The following are additional res^ — ^ , 

Man^nese-boiled oil, made by dissolving manganese linoleate ii 
^|in$6ed oil at 16(r C., Mu content •« 0*10 to 0 95 per cent., drie< 
the less Mn it contained. 01 per cent, was too low, but O Oi 
cent. Mn took longer still. ' 

Lead-boiled OIL — Prepared similarly to above. Pb content 0’2i 
|o 0*27 per cent., dried more quickly the more lead it contained 
However, 0*27 was the maximum limit. A boiled oil w^th 3*50 pe; 
cent. Pb took longer to dry. 

E. Tauber, as the result of pnictical tests, found that coals o 
paint in the open air, whore excess of lead driers wore used, wer« 
injured in hardness and durability. 

A photographic plate is blackened when near to drying %oilec 
oil (Schmidt). Paper steeped in boiled oil converts gum-arabi< 
into an insoluble modification, as occurs with gum solutions 
when exposed to sunlight for three months. The action, at a db 
tanoe, of boiled oil is^a sort of radiation; but neither the electro 
scope is affected nor the compass deviated. The permeability o1 
bodies for mdiation differs greatly ; colloitl bodies are very permeable 
On sheet-zinc and sh^ot-lead oxides and peroxides arc oliserved ; with 
radio-activity no such things occur. However, it follows from a re- 
search by 13. T. Brooks that during the drying process peroxides art 
produced, that the cause of the above phenomena is explained. Ht 
placed 01 gramme benzoic peroxide, acetyl peroxide, etc., on mobi 
filter paper, in a crystallising dish, and covered ihf^ latter with a 
photographic plate. Jn 20 to 45 minutes a clear print was to be 
seen. Similarly peroxides were obtained from rosin and copal, and 
were made evident like the above, hut not from terpenes ; only tht 
rosin acids gave an active portion. 

Effect of Age on the JiapidUy of Drying of lioiled Oil . — In actual 
practice it is firmly believed that in this respect boiled oil improves 
the more the longer it is tanked. Weger does not confirm this 
opinion. He tested the tin^e of drying of a large series of freshly 
boiled oils for a period of four weeks, and repeated the same testa after 
a year and a ha^f. The time occupied in drying was partly the 
same, partly increased* and partly decreased. Weger later made 
tests from the aspect that pure manganese-boiled oil, stored in open 
or closed tanl^, remains constant in its drying capacity. Lead 
manganese-boiled oil remained con.stant under all circumstances, 
the slightly closed as well as the open, the slightly heated aa 
well as t^e cold prepared, the oxide-boiled oil as well as the 
rosinate-boiled oil. Similarly, fhe lead manganese-boiled oil dried 
as well ^ the lead-boiled oil. Lippert later disputed this, and 
f^nd, moreover, that lead-boiled oils, stored with complete eX« 
icdtislon of air, did not deteriorate in drying capacity^ 

* ' ^ Weger often found that with manganese linoleati^ 

borate the |ime of drying extended over 8 day^ for 
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complete haordening, that, moreover, such a boiled oil took over 12 
hours to dry in warm weather, and a week when quite^cold, in 
moist or wet weather ;• it dried well in 6 hours without separating 
any injurious residue. ^ 

Petrotf found that a fresh manganese rosinate-boiled oil that took 
V 10 to 16J hours to dry, after three years took 20 to 37. But it must 
be remembered that Petroff used films 3 milligrammes per sq^ 
centimetre thick. 

Effect of the Nature of the Drier on the Rapidity of Drying , — 
Weger experimented in this direction. He asked himself the ques- 
tion : Will O' 10 per cent, of Mn in boiled oil, in the form of rosinate 
or linoleate, respectively, behave similarly? Tests with boiled oils 
made accordingly spoke uniformly in favour of linoleates. A further 
series of tests with lead manganese rosinates and linoleates gave no 
decided difference. Genthe found with soluble driers that the lino- 
leate was 15 per cent, stronger than the rosinate. As the results of 
experiments, which the author regards as' absolutely unreliable, 
Thomas A. Davidson asserted 'that rosinate driers were better than 
linoleate driers. Tauber got better results with manganese linoleate 
than with manganese borate. Lippert found that manganese-boiled 
oil often showed delay in setting. If alongside such a boiled oil a 
lead-boiled oil be applied it will dry much (jiiicker. Steenberg con- 
firmed the favourable working of two metals. With three rosinate- 
boiled oils which contained 0'25 per cent. Ph and 0*05 per cent. Mn, 
and 0*23 per cent. Pb -y 0*05 Mn, the first dried in 13, the second in 
6, and the third in 2 days. 

Mulder, in virtue of his numerous researches, believed that, be- 
sides temperature and moisture, other unknown causes influence the 
drying. With identical weather conditions he obtained quite dif- 
ferent oxygen absorptions, which could not all be ascribed to the 
moisture content of the air. He disputed the intervention of ozone 
in drying, and designated every unknown factor as peculiar atmos- 
pheric conditions. Weger writes in a s,»milar strain. When one be- 
lieves drying to occur with all experimental conditions equal, also that 
the boiled oils are uniformly spread in equally tl ick layers several 
times repeated, and at the prescribed temperature, light and moisture, 
yet we are in no way assured that the same result will be obtained. 

Genthe found that the slightest impurity exerted ap extraordinary 
effect on drying. He made two parallel tests with linseed oil, using the 
! same pipette : the second experiment always took longer than the first. 
The explanation is that the atmospheric air was conveyed oback to it 
each time a pipette, cleaned with chromic acid and dried, was used. 

Driers : J. Detection of Solution Method. — To detect in a boiled 
oil the substances used as driers, Livache gives the following methods; ' 
,A small quantity of the.oil is poured into a test tube and shaken with 
dilute sulphuric acid. A white precipitate becoming black olf fhe j' 
Edition of sulphuretted hydrogen indicates lead. If no precijpita’- ? 



8«5ph«rio aoid b^mes gi^n, ftlackenteg 
,by the, addition of sulphuretted hydrogen, the oil contains bopp^vi 
compounds. When sulphuric acid gives no precipitate, if the acid 
kf ammonia on adding ammonhira sulphide, iron gives* 

a btek, manganese a flesh, and zinc a whh, e-coloured precipitate ' 
tother, in the case of zinc, the acid solution gives a white precipitate ’ 
With ammonia, soluble in excess. If, instead of using ammonia, we' 
neutralise with carbonate of soda, iron yields a green precipitate 
blackening in the air, and the original solution becomes blue on the 
addition of yejlow prussiate of potash ; manganese gives a white 
precipitate blackening in the air. But here Livache takes it for 
granted that only single elementary substances are added to linseed 
oil at a time, quite a gratuitous and erroneous assumption on his part.. 

B. Ignition Method . — The better plan, is, however, to burn the' 
oil with the usual minute and scrupulously careful precautions ob- 
served in the ash determination of vegetable substances, and after 
weighing the residue on ignition to make a systematic qualitative 
and then a quantitativb examination thereof. Zinc oxides and salts. * 
are, however, liable to become reduced and then volatilise and escape 
redognition. The methods given in books for the determination of ^ 
mineral substances ui oils are quite unreliable, and none more so- 
than those of Benedikt. A systematic examination of the ash is* 
the only reliable method. Each individual mineral element present- 
in the oil must he separated out and quantitatively determined. It 
is most unscientific to estimate lime in the analysis of the ash of 
oil in Ae same way as is done in the case of marble ; wo know 
beforehand that the marble is almost chemically pure carbonate of 
lime. As to the ash of an oil we know nothing whatever, and to 
proceed to its analysis with preconceived notions by groping in thfij 
dark shows very had training on the part of the analyst, whoever, 
he may be. 


.^;;"yOL. I. 
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CHAPTER XV. 


DURABILITY OF PAINT. 


Linoxin . — The skin left on the drying of boiled linseed oil cannot be 
.described as linoxin without great latitude. It contains (1) a known,- 
weight of metal, and (2) with rosinate boiled oils a known weight of 
rosin. The rdle of the metal content is to render the coating harder, 
and thus resist the abrasive action of reagents, sand, and the weather; 


elsewhere it has been pointed out how raw oil is added to boiled oil . 
to render the coating more elastic. Rosin behaves so that a certain 
percentage has an injurious effect, and the disintegration of the paint 
later is accelerated. The boiled oil is nearly always mixed with in-* 
organic pigments. Some of these are quite inert, e.g. barium sulphaie ; 
’some, however, are basic and act on the boiled oil, which, if only pre* 
sent in small quantity, is saponified; amongst these white lead as 
demonstrated by Mulder. That boiled oil probably reacts duringj 
drying with zinc sulphide, an ingredient of lithopone — a white paint 
which also contains barium sulphate — has been shown re'dently by * 
Meister. Paints frequently contain turps, which has either be'6n used 
in the liquid driers or as a thinner. Paints also contain a deal of 
thickening ingredients, paraffin wax, Japan wax ; above all things they;, 
fire ground in stand oil. Mactear proposed to use strontium hydrate ‘ 
,*and barium hydrate as alkaline earth thickeners. The desired prp- 
“perties in a coat of paint are a certain amount of elasticity and a 
-certain coherence, inert to gases and fluids. Owing to the variationi 
:in temperature it is apparent that the coated surface must necessarily 
lUndergo contraction and expansion. Now the coefficient of eipak- 
ision of the under coat, the pigments and the linoxin, are quite differ^ 
ent, and the difference must be, equalised by tb^ elasticity of 
^linoxin. Finally, the pigments as. used to make paint are in the 
^bf a fine powder; the linoxin must not only bring the necessi^k 
boherence but must be of such proportional comporition as tp 
;jquately provide an efficient protective expansive coating or 


.throughout the whole. 

I oThese properties, Mulder claimed, were fulfilled by 
yLinoxin was born when it received the impulse given lb it 
©utoh painters Hubert and Johan Van Eyck, who are so errorie^i||| 
Icredited with being the first to use linse^ oil in painting.' 
l^loiirs dried duller in tone ; finally they dried so quicklf 
layers did not flow together : if it was desired to, form a 

m) 



oj^ague film, and upper correcting ooatl were 
However, that was all changed when boiled oil appeared 
^e acene as a new ideal vehicle for painters* colours. It has a 
^)^n. consistency which the solid oil colo!|rs do not increase. It 
well and dries so gently that further coats of paint can be ap- 
plied, but not all present-day experiments must therefore be regarded 
gram sab. Moreover, the nature of the pigment exerts an in- 
flttOnoe on the permeability of paint. Paints containing lamp-black and 
bohre, are, it is. asserted, generally permeable. Red-lead paints and 
Wnite-lead paints are said to be less so, and zinc oxide still less. But 
such opinions conflict too much with others. Ordinary lamp-black 
abounds in greasy tarry oils, and any test made therewith without' 
calcination is invalid. Ordinary ochre paint grates under the palette 
(j^m the presence of hard particles of grit, and sharp hard particles 
of barytes (some paints look as if the makers had been trying to make 
a composition for razo^ strops or emery paper). White sharp, hard 
particles should not shine out of paint like particles of mica from 
a micacious sandstone. Remove the tar, etc., from lamp-black by 
calcination. Put the yellow ochre through the 200 to 300 mesh sieve, ( 
now being used in to U.S.A., and try the p(irmoability of the paint' 
bnce more. But as Treumann had to acknowledge, there is no reliable 
test'for permeability, as the same paint gives difieront results when 
several tests are made simultaneously. But the best test is the ira^^ 
permeajjfe w-aterproof garments, in which oxide boiled linseed oil is ' 
bhc sole ingredient, and the impermeable airproof and vvaterprooii 
berring-net buoys. The makers of these have to give linsiied oil a 
fair, field. They only deviate from linseed oil to their cost and 
iheir sorrow.* If thoroughly dried linseed oil word as pervious as^' 
jlumsy experimenters with no experience of thij oil-waterproof gar- 
ment industry, and who ignore the waterproof nature of real good 
genuine putty, would have us believe, then the linseed oil- waterproof 
garment industry would have been still-born or stifled at birth. 

Mtcroscojm Faults of Pahit Fihns,—\\> has been pointed out that 
yhen a working painter gives several coats of paint to a glass plate,'’' 
iulta can still be under the microscope, and when a coat appears 
(uite thick it becomes tWln in the course of time, and then under the 
nfluence of variations of temperature and unequal expansion, micro- 
hair cradks are to be seen. 

JJ/w Supposed Permeability of Paint Films to Water. — C. P, ^ 
concluded that the dried oil-skin was permeable to w’ater. He 


ijBjtdlVed ^ grammes of dextrin in a mixture of 40 c.c. water andj.'] 
Alcohol, and spotted some’of the above solution over several j 
A glass plate, dried it at 65*" C., and then coated the plate ref'll 
with boiled oil, then the plate was placed in water for 
dextrin was uniformly flaky, a proof to the author thaK^ 
got at it. But Dudley begs the question that 
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linseed oil dries satisfactorily on a coat of dextrin. When pigmetits 
were^ mixed with the oil, the permeability decreased (Quite so; 
the contact of the oil with the unstable dextrin was dii^inished) ; 
not so quickly that th^ new coat combined with the old one. Com- 
pletely dry films can ^be wet with oil and new films formed. The 
paint coat is so elastic that the expansion and contraction of the 
undercoat follow as a necessary sequence. The films of paint are 
transparent, so that any single pigment in all its beauty and apparent 
harmony can come into play. Oil paints bring a new vivacity, and 
Mulder regarded linoxin as completely unattackable. He prepared 
paints so that boiled linseed oil (made with 2 to 3 per cent. PbO) was 
mixed with 5 per cent, of finely pulverised red-lead, and with 40 to 200 
of an indifferent powder, sand, pipe clay, clay, ironstone, ground 
pumice, etc. First he coated an iron plate on one side, and exposed 
it for a month to wind, water, rain, and sunshine. The uncoated side 
was covered with a thick layer of rust. On the coated side the coat 
adhered firmly and little rust could be observed. Mulder's claims as 
regards linoxin are not accepted by interested parties as demonstrated, 
and to-day other opinions are to some extent held. Treumann does 
not regard oil-skin as impervious, and holds Mulder responsible for 
the belief that it is impervious. During the drying of the under-surface 
of the coat of paint, it is softened by the vapour of water and carbonic 
acid, so that the coat of paint must be permeable to both carbonic acid 
and water. It is evident that the volatile products generated in the 
first stage of drying escape as gas, and the resulting pores arfe widened 
in the second stage. If these pores be only small they go do^n right 
through the paint to the surface of the object on which the paint rests 
underneath. 

Treumann spread boiled oil and paints on glass, metal, or 
porcelain and left them to dry, then he placed the plates under water 
at the ordinary temperature. Sooner or later cracks or blisters were 
formed. The skin did not decay, but its adherence to the surface 
underneath was partially broken up. But in actual practice, except 
with anti-fouling compositions, paint ir. not generally exposed under 
water. Therefore, in Treumann’s researches conditions are brought 
into play which do not prevail in actual practice. A pair of boots 
kept in a tank of water for a year would then be a very sorry pair of 
boots indeed. But does that detract from the value of leather in 
many of the 1001 uses to which it is put? No! Neither does the 
damage done to a dried linseed oil film by soaking it in water detract 
from its general use. It is curious that no attempt has been apparently 
made to test the behaviour towards water of a baked film of linseed 
oil, and it is forgotten that good putty is impervious, as hundreds of 
millions of windows testify. Nearly all experiments in which linseed 
oil turns out badly would, if traced to their source, be found to be 
dictated by those who want to market a linseed oil substitute, pr 
some pet composition, and who wish to prove that linseed (SI haa 



i)UBABu:.m! of ^ 

all the defects of their own products and none of their tgood 
qualities. ^ 

It is asserted that when the least quantity of^red lead is mixed with 
the least possible quantity of linseed oil, a completely water-tight 
ooating results. When the latter forms no ^otection against rust 
that must be attributable to other causes. W. Thomson belfeves that 
during the inter- working between the iron and the metal in the 
boiled oil a slight galvanic current ensues. E. Fauber also thinks 
that weak galvanic currents are the key to the formation of cracks in 
paint. The permeability of paint to water is attributed to the hygro- 
scopic nature of linoxin. Treumann placed a completely oxidised 
air-dried and clean oil film on a watch glass, and the latt(*r with a 
vessel partly filled with water under a hell jar. Tiie increase in 
weight of the films in 4 to 8 days was 7 to 15 per cent, and the water 
absorbed was ceded on exposure to the air. These figures are very 
high, Mulder’s and Wegor’s were much less. When Mulder heated 
dried linseed oil, or dried boiled oil to HO’ C. (ID-F F.), the linoxin lost 
4 per cent, in weight. The plate left again in the air only gained 
. 1*2 per cent. Mulder believed that the linoxin contained tb(» condensed 
vapour. 

Linoxin . — Weger ])laced well-dried oil-skins in a dessicator con- 
taining neither water nor He found a dith*renco up to 2*4 

per cent., but such dilTerences in the moisture in the air do not 
occur in actual practice, and the effect of the moisture variation lies 
under \ per cent. Doubtless, therefore, the assertion of W. Jones 
that a boiled oil dry film absorbs water like a sponge is incorrect. 

The very excellent qualities of linoxin arc not everlasting. Like 
all organic substances it goes under later on. Light soon acts on it. 
Mulder found'a brown coloration of the inner half within a month. 
Under the action of direct sunlight the brown coloration is changed 
and the coloured portion of the oil affected. Above all it is the oxygen 
of the air which first dries the oil but does not, however, leave the 
dried film unaltered. 

Action of Sunlight on od-paint Films . — Toch found that paint 
' altered much under the action of light. White pigments turn yellow 
under the action or the Pb and Mn present in the boiled oil, the zan- 
thophyll of the linseed oil is reduced to chlorophyll. In bright sun- 
light white colours are formed. According to Lippert a boiled oil 
dried in darkness becomes red-brown, in direct light the bleaching is 
V further accentuated. 

Ndw let us point out the number of tests which should he made. 
For the sake of argument, let it hq accepted that only thirty pigments 
have passed the dry test, and every one of these thirty colours is to 
be ground in the five oils aforesaid, in three different proportions of 
oil and pigment, the mixed colours put on glass plates, and for eawh 
tlmremust be five plates for the different experiments. The mixing of 

oils with other mediums could.be very different, quantitative as 



H ourselves Ibo five diflerent i^ia 

i^t we have four thousand five hundred tests. ‘ <s ‘ f 

h, This does not exhaust the subject by any means, becauW'tBS; ! 
,(^>lours could be mix^'d two or three together, and also testrfji 
Wt I shall not undertake to recount the possible number, fiecause'ii ; 
Plight strike terror into the hearts of my readers, and they would? 
doubt the possibility of such an undertaking. Although the solutipiti 
of the problem in the foregoing is very complicated and time-robbiPg,; 
it could be solved nevertheless if a special laboratory were provid^ ‘i 
for the purpose. ; ; 

The prepared pigment colours would be compared, and tBen 
weighed. Comparison by observation would have to be made often 
in the beginning, to note the time of changes in each sample and thia 
apparent cause thereof. Only after several years, however, would it 
be possible to form definite conclusions and adopt rules governing the 
use of oil colours. This would be a costly experiment, but one that 
appears promising. ' ■ , 

More simple, perhaps, would be a direct use of the samples pre* , 
pared. Apparently it would be enough to make about thirty painted 
panels and expose them. In a few years they could be compared, 
but this would be a waste of time, because it would be impossible to 
■tell which part of the oil colour has had the most influence in chang- , 
Ing the tone of the same» 

I 1, The permanency under exposure to light of pjgmfnts in. 
powdered form is in many cases perfectly satisfactory ; in others ii 
depends on the mode of preparation. Several grades of quicksilver 
v^milion are entirely unfit, for the use of the decorator, because they 
assume a brownish tone very soon after exposure to sunlight. The 
so-called mountain cinnabar is the only durable pigment of thfi^fr 
character. A few samples of cadmium yellow, deep and orange, frbifi 
Reliable firms, turned after a time from their original tone to that of 
pale ochre. 

2. The colours described in the foregoing paragraph, when grouh^l 
in oil, resisted the action of light slightly longer, but the result warf^l 
comparatively the same. In these pigments, wlSIn grpund in oil, 
\there are certain optical changes, brought about by the action 
pigment and oil upon one another. When balsams or resin^J, 
jadded to these oil colours, the changes are delayed* much long^, 
because the colours are protected from the action of light and ai]^j(^ ! 
effectually.^ 


^ Sxampk . — Cadmium yellow containing a sulphur content is an unsa&uii 
.idgment by reason of the fact that it cedes sulphur to oil owiHig to «uoh 
gibing, so to speak, loosely combined in the cadmium salt. Presence oi 
a simple linseed oil film (linoxin) causes its -speedy 

g dition of s^ect balsams and resins to such oil mixture (paint) 
idod for disintegration. ^0, Habbisok. 
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ip^) different character ; also the conti'actioii of different 

in the same oil. The larger , the quantity of oil used the 
gt^et is the contraction in drying, but it must not be concluded that 
which require more oil than others alio show a greater cpn* 
tractions The great decrease in weight and in volume, which is vei^ 
^uch varied in the different colours, points to a greater or lesser 
energy in the chemical processes which occur in the colours. So, for 
instance, the volume of barytes ground in poppy-seed oil in two years 
decreases less than 3 per cent., while that of pure white lead, ground 
^ t>oppy-8eed oil,' decreases 18 per cent, in the same time, showing the 
great chemical action and affinity between white lead and oil. ; 

/4. The optical character of the colours is also dependent on the oil ; 
each of the five oils enumerated is best adapted for certain pigments, 
but a conclusive inile on this point needs the expenditure of much 
time and the making of manifold experiments. 

5. The colours of the future should have their exact composition 
on the label ; such coloum could be used in painting as well as for 
experimental trials. The colours as bought contain variable quantities 
of oil and other adm^ixtures, and are not useful or safe for forming 
conclusions. 

6. Siccatives or driers hasten the chemical process in colours, but 
decrease the dumbility; Jhe use of these is often necessary, bu;i 
they should be employed with skill. 

7. in painting on canvas it is of great benefit to give the thin 
groundwork a good drying in sunlight, but a finished painting should 
not be exposed ; the chemical processes should be retarded by adding 
balsams or solutions of resins, and the back of the canvas coated W|th 

good varnish. 

8. The addition of resins and volatile oils is, on the whole, odmia* 


sible and well founded, but it should be determined by previous test# 
that the colour does not become brittle by such addition, and that, on 
li(^ount of the i-apid evapor^ion of the ethereal oils, the cohesion of 
thet particles of colour is not decreased. 


9. The numbe^ of colours used in painting should not be too 
limited, because in suoli case the demand of the present time could 
iiiot>be satisfied. But the number should not be unnecessarily in- 
b#cauge in such a case there would be too many new and 
jH^nown chemical properties whose characters would not be under- 
St^d, The opinion that it is possible to get along with seven colours,' 
a}l the colours of nature are composed of seven ton#s, 
fe«td^e6us* The blending of the. natural strata and the creation 

by mi^ng of material particles follow different laws. ' ; 
of Faint — ^The natural oils capable of drying to a solid 
film dd not do so at ail rapidly and occupy 
;djgi[^g' during which the paint still remains tacky and reoo)^ 
9I th# finger or thi^b however lightly applied. 
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over, the soft paint is during all this time fixing all the jjaaouig uuot» uu 
to its surface. As a matter of fact, painting in oils was itppossible • 
until certain substancep were discovered, which when added to the 
drying oil increase the drying of the paint. In distemper painting (with 
glue albumen and caseiil and the like) the coat of paint only drie^ after 
all the water is evaporated. 

In inside coatings, white paint nearly always turns yellow, which 
in some cases is remedied by a little ultramarine, but such quick pro- 
cess patent white-lead paints as contain lead peroxide are altogether 
too dirty in shade to be toned down by any addition. ^ 

- Action of Internal Orgajiic Peroxides on Oil-paint Films. — Fahrion ■ 
believes that when linoxin is present in a hidden form it still contains 
■ active oxygen, and that it is from that active oxygen that the decay 
proceeds. The peroxide group acts spontaneously when, not long 
after it is fixed by the ketoxy group, the hydroxyl group so formed 
splits off water, diminishing the volume and thus forming cracks. 
This hastens the ultimate decay of the coat, and; it is claimed, leads, as 
Eeid has shown, to the formation of water-soluble bodies by further 
oxidation. But of all that we have not one particle of positive proof, 
and much which flatly contradicts it in every way it is possible to 
conceive. 

Pettenhorfer' s Method of Bestorimj Old Oil Paintings. — A short 
notice may be given here of Pettenkorfer’s method of restoring old 
paintings — oil paintings that have become stained. It consists in ex- , 
posing them for a longer or shorter time to the vapour of alcohol. 

Effect of Pigments on Linseed Oil. — The constants, 'including yield 
of ash, of raw linseed oil mixed with white lead in paste form showed 
no material change in 26 months. Storage in partially filled con- 
tainers for a year of raw linseed oil mixed with white lead and with 
white zinc in the proportions of paint ready for use, and exposure to 
air of films of such mixtures, resulted in sufficient combination of oil 
and pigment to cause the extracted oils to yield amounts of ash that 
were much larger than those obtained from the oils used to prepare 
the mixtures. Exposure to air of films of these pigments mixed with 
boiled linseed oil also caused appreciable combination of oil and pig- 
ment. When white lead and white zinc were mixed with linseed oil 
fatty acids considerable combination of pigment and fatty acids oc- 
curred. The amount of fatty anhydride combined as zinc soap w$s 
nearly four times as great as that combined as lead soap, the calcula- 
tions being based on the amounts of ash yielded by the ether extracts 
of the pigment — fatty acid mixtures and the ratios of the combined 
weights of zinc oxide and lead monoxide. The results as a whole 
indicate that white zinc combines with the free fatty acids of linseed 
Toil more readily than does white lead. Of the three pigments, white 
lead, white zinc, and china clay, the former showed the greatest ac- 
celerative effect on the oxidation of raw linseed oil in films composeJ 
^f pigment and oil, while china clay had the least accelerative effect. 
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^When a mixture of raw linseed oil and china clay was kept in a jparti- 
al|y filled container for one year, the constants of the oil were materially 
changed, while raw linseed oil with chrome .yellow and with zinc 
yellow under the same conditions showed practically no change. In 
drying films, however, the accelerative effects ilf the two yellow pig- 
ments on the oxidation to the oil were much greater than that of china 
■clay. — U.S. Bureau of Standards Technologic Paper No. 71. 

The permanency of pigments ground in varnish is discussed in 
.Vol. Ill, pp. 437-9, also the reaction of solutions of resins on colour- 
ing principles especially from coal-tar. 

Here we look at another aspect of the question. 

Testing the Permanency of Dry Pigments Under the Action of 
Light and the Durability of the Paint Formed by such Pigments as 
have Stood the Test , — Pigments ground in oil are known as oil paints 
or simply paint. They are thinned with hydrocarbon oils, e.g. turps, 
■or other volatile solvents, e.g. white Ri)irit or tur])entiiu! substitute, so 
that they can he spread»out into a more or less thin film with a brush. 
But the paint must not he thinned down so far for its binding vehicle 
to be attenuated too far. This lilrn, soft at first, gradually hardens, and 
in the course of time loses, as it ages, its original toughness and elasticity. 
Then is the time when cracks begin to a]>])ear on fixed painUid surfaces, 
but on a painting on canvas rolled up for convenient handling when moved 
from one spot to another, cracks a])])ear on the })ainted canvas a few 
months after the painting is finished. The tint or tone of oil pigments 
or painfe changes rapidly. (Changes in like pigments due to had wash- 
ing must not be ascribed to the pigment itself. The trained eye ac- 
customed to assess variations in tint will loadily notice such a change 
in a few weeks, and within a year the change is very readily perceptible, 
however welPprepared and permanent the pigments used may be per 
se. As a w'hoie, colours ground in oil are not pcjrmancmt, and the 
painter must rest satisfied if after a reasonable lapse of time the 
change in tone has been only a slight om;. 

Paint Changes and llar^e^is from Two Different Causes : (1) 
The Oxidising Action of the Atmosphere and (2) The Mutual Action 
of the Pigment an(l Oil . — The first and chief cause is \vell known, the 
second cause is undouljted. Some pigments retard drying of oil, 
others hasten it. But as the hardening of each of the various ijaints 
differs in itself, the cause of the difference must be sought for in the 
chemical action between pigment and oil. The weighing of glass 
slabs, covered with films of different paints, has proved that in such 
paints there are changes in weight on drying and to very different 
extents. , 

' Testing the specific gravity and specific volume of these glass slabs 
by'weighing the slabs in air and under water there is a loss in volume^^ 
although varying widely wuth different paints. These tests show that 
in drying out the film of paint loses its original elasticity, which loss 
is increased as the volume decreases, and therefore there must ba.^ a ^ 
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^osi sensitive scales and years of labour to find a ^ds& of One-^^^| 
i'per cent, in some paints, whilst in others the loss was a« higher 
It may take 20 yeari’ observation to find the exact time W^n 
hardening process in a paint ceases. Molecular changes are als<^;^ 
possible which do not alter the volume but influence the elasticity 
and so bring about scaling or cracking and “ chalking The mutual 
action of pigment and oil is most perceptible in the oil, yet the pig- 
ment also changes, and although it may not alter its chemicar char-,^, 
cwter yet the colour tone varies from the original. , 

The tone of colour is subject to alteration whenever a molecular ^ 
change can take place; such changes of tone are most feared by 
painters. All coloured paints in their physical and chemical nature 
^are materials which in time destroy themselves, and the only method 
to obtain the longest possible durability is to arrest this physical 
chemical process by suitable additions in thinning. Such apparent 
defects in paints might induce the painter to seek a remedy in other, 
vehicles or media. All experiments in that direction deserve the 
special appreciation of artists. But. oil paints possess such merits 
and optical properties that of necessity painters are as yet and will be. 
for some time to come compelled to use oil, linseed oil more especially, 
and to add other materials to assist in drying (driers) and in spreading^ 
(thinness. While oil cannot be done without as a medium and binder^^ 
it is necessary to look for other materials to assist in giving oils 
greater stability. The changes which take place in paints are a special 
(Case of very complicated phenomena, whose explanation lies in the. 
^thorough study of the composition of oils and pigments and their 
mutual action on each other. But oil, let it be well understood, is imt 
; a body of definite chemical composition, and here is the stumbUng'- 
block in experimenting with paints and oil painting. There is another 
'\l^medy, namely, to critically examine the materials which have j|0» 
Soften proved themselves to be good. To make error impossible there 
should be a uniform method adopted for these tests. The colour mM 
^adapted for the purposes of the painter should be obtained in the 
; state in powdered form and exposed in thin layers to moist strong 
'^'iight in dry and moist atmosphere, and the results closely obs^ed 
|iknd registered. , To hasten the trials the powdered pigments shouiil 
^^e exposed to sunlight and to such gases as are preseht in rooma^ 
^IThose pigments which have shown themselves light-proof and re- 
^lafstent to gases should be separated from the others, grotiad up;ni oil, 
then tested in the same way, and also painted out to find 
drying cracks are perceptible with the aid of a magnifying 
tohe paints so obtained should also be tested by adding 
S>lution8 of resins, ballams, essential oils, etc., and bbservati^aw^ 
elasticity. In oil painting ibree. drying oils are 
l^l^iised 
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3. Poppy-seed oil. 

two more should be tested : — 

4. Sunflower-seed oil. 

5. Hemp-seed oil. 

The first, sunflower, has the property of excellent transparenoyr 
, The latter, hemp-seed, is valued in liussia on account of its highly ,,, 
'developed resisting power to sunlight and atmospheric influences^ * 
Commercial hemp-seed has a greenish colour, but when expressed oold^^ 
nt is very light, and if filtered through charcoal is then colourless. 
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DRYING OILS OTHER THAN LINSEED OIL. 

1. Acacia Oil (White ). — This oil is described, in its proper place, 
us Robinia or Locust-tree oil, a gigantic tree. It is not derived from 
■an acacia.^ 

Argemonc Oil, from Argemonc mexicana, of a yellow colour, inclined 
to orange, is specifically lighter than poppy-seed oil. It does not dry so 
’well as the latter. Its diminished density would appear to be due to 
the fact that it contains volatile fatty acids, acetic, butyric, and valeric, 
but Crossley and Le Sour failed to identify these in two genuine 
samples. This little-used oil is purgative in doses of 15 to 30 drops. 
Its taste is biting and its smell nauseous. These samples had the 
respective acid numbers of 6*0 and 83*9. The last sample therefore 
was completely soluble in absolute alcohol at 60' F. The seeds of 
Argemone mexicana, called fico del inferno by the Spaniards, are 
said to be narcotic, especially if smoked wHh tobacco, and purgative. 
They are used in the West Indies as a substitute for ipecacuanha, 
and the juice is considered by the native doctors of Indi^ as a 
valuable remedy in ophthalmia, dropped into the eye and over the 
tarsus, also as a good application in cancers. It is purgative and 
diobstruent. The Brazilians administer the juice of this plant to 
persons or animals bitten by snakes, but, it would appear, without 
much success. 

Castor Oil . — This oil has been so frequently described in the 
different treatises issued by the publishers of this volume that the 
author refrains from adding another description to the number, the 
more so as it has nothing in common with drying oils, and the wider 
the berth the paint-grinder and varnish-maker gives«.H the better. The 
•oil is adequately described in Hurst’s “ Soaps,” Hurst’s “ Lubricating 
Oils,” “Textile Soaps and Oils,” Andes’ “Vegetable Oils,” Andes’ 
“ Drying Oils, Boiled Oil, and Solid and Liquid Driers ”. The action 
of nitrous acid and nitric acid are somewhat interesting and thus 
deserving of mention, the more so as they are included the 
Stereotyped descriptions of castor oil. •> * . 

^ Acacia Oil (rai/otc).— This oil is not described here as it has no locus standi 
ueither as an acacia oil or a drying oil ; it is only a semi-drying oil, and is only 
mentioned here to point oi^t that neither is it derived from any acacia ; moreover^ 
further than that the two plants Robina and Caragna belong to the LegumenostI 
they have nothing else in common. The so-called yellow acacia is derived Irom 
' « shrub whose specific name is Caragna.. 

(412) 
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Actioncf Nitrous Acid on Castor OiL — Boudet termed this palmine, 
btit it is more generally known as recinelaidin. When nitrone acid 
(or nitrits of mercury, as stated under the head olive oil) is made to 
act upon castor oil, it is converted into a soM wax-like substance ; 
but this change is much less rapid than that which ensues when olive 
oil is similarly treated ; and it deserves notice that castor oil is the 
only one of the non-dryimj oils which is susceptible of this species of 
solidification. 

On adding nitrous acid to castor oil a yellow liquid is at first 
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^ Fio. 104. — Castor-seeds. 
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f<>rmed, and the time required for its solidification varies with the 
quantity of acid employed ; when about part of acid is used, it 
solidifies in 7 or 8 hours, and this, or somewhat less, is the best pro- 
portion. If too much acid be used, a third part, for instance, or a half, 
the temperature rises to 130° or 140° F., effervescence ensues, and the 
oil becomes opaque, and instead of indurating, remains viscid. 

Kecinelaidin thus obtained is yellow, but when purified by solution^ 
in boiling alcohol, it is white, of a waxy fracture, and requires a tem- 
lierature of about 160° F. for its fusion. When kept for some months, 
it oo&iisionally acquires a resinous appearance, and presents an almost 
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f’urther than that this tree belongs to the Eu^horbiacecB or 
Spw^e worts, the special literature gives little information as to ita 
habits and mode of growth. It appears as if it only^ attains a. 
medium height in thd Moluccas, the country of its origin ; in New 
Caledonia it seems to thrive much better, attaining as a matter of fact • 
a considerable development, reaching a height of 60 feet by a circum- 
ference at the base of 5 feet. Its growth is rapid, and it begins to 
bear fruit at the end of four years. The fruit is a fleshy drupe, generally 
formed from a single incompletely developed cell. The seed is en- 
closed in a hard shell, encrusted with a calcareous efflorescence when 
it falls to earth. It burns very regularly and gives off great heat 
and a very thick black smoke. The kernels are sometimes strung on 
thin bamboos and burned as natural candles, hence the name “ candle- 
nut tree”. The nut weighs about 10 grammes. The oil extracted . 
from its kernels usually weighs between 6 and 7 grammes, and a tree 
may bear about 2000 nuts or 20,000 grammes, and as 1000 grammes 
equals 1 kilogramme, we get 20 kilogrammes or 44 lb. of nuts as the 
produce of one tree. 

Extraction of Caiulle~nut Oil. — Field-Captain Champion der 
scribes the preparation of candle-nut oil in Ceylon. He says it was in 
1843 exported from Ceylon as kekmedic. The nuts are said to con- 
tain 50 per cent, or more of a sweet edible oil (Dymock, “ Mat. Med. 
West India,” 617). It is highly valued as an illuminant and said to 
be largely exported from Polynesia, and used in the candle trade of 
Europe. The most primitive process consists in exposing the nuts to 
the sun for some hours. The kernel loses its water, then becomes 
easily detached from the shell in a single mass, and at the first stroke 
of the hammer. The ground kernels are placed in small heaps on 
an inclined metallic plate, the whole is exposed to the sun, the oil 
exudes slowly, losing any water which it may still retain, and flows 
through the grooves of the plate into a collecting vessel. It is then 
filtered. The yield by this semi-barbarous process is poor, barely ex- 
ceeding 6 per cent. By cold pressure the amount may be raised to 
29 per cent., and by hot pressure it ms^y reach 34 per cent. 'If the 
oilcakes be again treated the yield may be 66 per cent. The ex- 
planatory figures state that — 

100 kilos of nuts produce on an average 33 kilos of kernels. 

100 kilos of kernels produce 66 kilos of oil. 

100 kilos of nuts then give 22 kilos of oil. 

1000 kilos of nuts, or 1 ton, costs in Tahiti 
£6 and for freight 
£3 48 . , 

£9 4s. in all. 

But it is stated, on the other hand, that the kernels are sold al 
£16 per ton, and 1000 kilos of kernels, or 1 ton, yield 660 kilosoof oil 



^rcwC, exoludmg the cost of crashing. . * . 

■ma <^nd|e-nut tree nowhere occurs, plentifully, except in Malasia, 
iwit it be practically distributed throughout all India and Burma. , 
is said to be wild in the Wynaad as it is abundant there, but it is 
a native of India, and generally grows as a roadside or garden 
iosi^ near towns or villages. In Eastern India the fruits ripen 
in June to August (Roxb., Kurz), but in Western India not until the ( 
i season (Talbot). During the succeeding half-century the Indian 
as a whole have from time to time urged the importance ot . 
bivating this tree, but with little or no etfect. If, as already , 
Dtioned, the tree exists here and there all over India, it nowhere 


urs in such abundance, it is pleaded, as to hope for any immediate ^ 
imerce in the oil. The oil does not appear to be expressed any- ' 
are in India, except in the Shan States. In some parts of Burma ’ 
B us§d as a varnish for lacquer ware, but according to Sir George 
.tt, it is usually stated that for that purpose it shows no advantage' 
r sesame or sarson (rape oil).. 

Properties of Candle-nut Oil . — The oil when crushed in the cold 
f a pale yellow with a pleasant odour, whilst hot crushed oil is 
wn with a bad smell. It dries somewhat about the same time as 


eed oil. Like linseed oil its drying properties can be improved 
boiling” with driers. It then yields a boiled oil with very 
ireciablc drying properties. Various Paris firms have in this way 
aine^ excellent results. Andes tested candle-nut oil as ' to its 
iability for boiled oil and varnish-making. Small quantities of the 
de brown oil were boiled with litharge, red lead, lead acetate, and 
n^anese borate respectively. The lead-boiled oils were all very 
k in colour: At 140“ C. (284° F.) the oil gave oil bubbles. It was 


►t at that heat only for a short time, the reason being, as explained. 
And^s, that he was working on a very small amount of oil. The 
ed oil smelled like the raw oil, only somewhat more unpleasant, 
i manganese borate boiled oil did not alter in colour. The boiled 
dle-nut oils were said by ^And^s to dry 4 hours sooner than well- 
.edJinseed oil ! The boiled candle-nut oils dried at least 4 hours 


jtrejihe boiled liAseed oil, even the raw oil itself also dried more 
ckiy than raw linseed oil. At 326° C. (617° F.) candle-nut oil 
vapours with a very strong unpleasant smell. After the oil hai 
Itrgnpe partial destructive distillation and a loss of 20 per cent. 
le<^mposition occurred, there resulted a thick soft mass as in the 
:^^artial destructive distillation of linseed oil in Mulder’s milder ex- 
But the colour according to And4s was almost black, due 
^ pjp^s^nce of much admixed impurity. In any case, no drying oil 
^^^ted to 617° F., without showing change of colour. 8imila|r 
S^aenliS were .performed with the white oil. Nearly, all the^ 
with lead were dark in colour, whilst the manganese^s 
mi was onl V slichti v yellow. In the drying tests the pale 
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candl^-riut oil showed the same advantage over linseed oil as the 
browti oil, .and dried some hours sooner. But when pale candle-nut 
oil was heated to 325“ C. (635“ F.) it was found that after 20 per cent, 
had undergone partial destructive distillation, the oil bleached to a 
colourless’ white syrup^ And^s reports that the durability of earth- 
coloured paints or metallic oxide paints with candle-nut oil as a 
vehicle, gave the same results as were obtained with boiled linseed 
oil. But owing to the scarcity of candle-nut oil on 'the market there 
is little hope of its use becoming general. 

De Negri examined candle-nut oil from seeds of Aleurites triloba 
(Hemsley) and of A. Moluccana, Wild, By extraction with solvents he 
obtained 62 per cent, of oil, but it did not dry as well as Chinese wood 
oil from Aleurites Fordii. 


TABLE SHOWING THE CONSTANTS OP CANDLE-NUT OIL. 
(DK NEGRI.) 



Oil Extracted by 


Ether. 

Petroleum Spirit, 

Specific gravity at 15° 0 

0-02G 

0*921 

Solldifyiug-point 

- 18 

Still fluid 

Melting-point of fatty acids 

20 to 21° C. 

— 

Saponification value 

187 ’4 

184*9 

, Iodine value 

139*3 ! 

142*7 

Refractomoter (Zeiss) 

— 

75*5 to 76 


Samples of lumbingoil and nuts from the Philippines and Hawaii 
were examined at the Imperial Institute. The Philippine nuts con- 
tained 33 per cent, of oil and the latter 31 per cent. 


TABLE SHOWING THE CONSTANTS OP PHILIPPINE AND 
HAWAIIAN OIL. 



Philippine Oil. 

Hawaiian Oil. 

Specific gravity at 15*5° G, 

Refractive index at 20° C. . . . 

Iodine value, Haou’a test . 

Saponification value .... 

Insoluble fatty acids per cent. . 
Unsaponifiable per cent 

0\)293 

1*4772 

155*3 

192*1 

92*5 

0*51 

0*927 

1*4783 ' 

161*6 

192*6 

92*47 

0*83 


Be Negri’s colour reactions were undecided. The constants for . 
candle-nut oil are similar to those from wood oil and from a candle-nut 
oil examined by Lach, probably a mixed oil from different varieties of 4 
, Aleurites, When exposed to sunlight for 25 days in a sealed tul|e the 
above oils remained fluid, whilst expressed wood oil solidified-under the 
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Wme conditions. Wood oil extracted by solvents, according to De 
^egri, does not solidify under the action of sunlight^ onl^ the 
■expressed oil. The polymerised substance from the expressed oil 
melts at 32° C., the iodine value falls from 159 to ‘154. When heated 
for 100 hours in the dark at 100° C. it doe| not change, but on 
<K>oling remains liquid. Candle-nut oil extmcted by carbon disulphide 
CS 2 similarly treated always remains fluid, whilst wood oil also ex- 
tracted by CS^ solidifies. 

Fendler in 1903 examined the seeds of the candle-nut tree 
Aleurites Molucanna from the then German (Janieroons. The kernels 
contained the usual normal percentage content of oil, viz. 64*4 per 
cent. The ether-extract(‘d oil is yellow and has an acrid taste. Its 
epecific gravity at 15° C. is 0*9254, its solidifying-point was - 15° C. 
Its saponification value was 194*8, iodine value 114*2. The Reichort- 
Meissl value was 1*2. The solidifying-point of the fatty acids was 
15*5° 0. and their melting- i)oint 18° C. The iodine value is far too low 
for genuine candle-nut qil. And y(it, according to Fendler, the oil dries 
quickly when spread in a thin layer and exposed to the'- atmosphere. 

Summary , — ilcmiy A. Gardner gives an account of candle-nut oil, 
or, as he terms it, Ijumhang oil, in circular (No. 41) issued by the Fduca- 
tional Bureau of the^^aint Manufacturers’ Association of the United 
States. This account may well be taken as the source of a brief 
summary of our present knowledge. 

“ Lumbang oil is obtained from a tree (Aleurites Moluccana) allied 
to the ^ung tree (Aleurites Fordii), which is indigenous in Polynesia, 
4 ind is now cultivated largely in parts of j\sia and in tropical islands 
such as Hawaii and the Philippines. The tree grows to a moderate 
height, i.e. 30 to 40 feet, and is covered with large glossy leaves. It 
bears two crops of nuts, which are enclosed in v(;ry thick, hard shells. 
The kernels are pale, and contain so much oil that they are used as 
a source of illumination, hence the name — ‘ candle nuts ’. They have 
a pleasant taste somewhat resembling Brazil nuts, and yitdd an oil 
very similar to tung oil, except that it does not gelatinise on heating. 
The oil has purgative propCrties. The pressed cake is useful as a 
fertiliser, and is used for this jjurpose by the natives, its price being 
$100 per ton, wh4reas ground fish manure or tankage fetches only 
$25. At the present tifhe the nuts are shelled by hand labour, no 
machine having yet been invented to do this in a satisfactory manner. 
The average weight of the nut is 11*7 grammes, percentage of shell 
67*9, and kernel 32*1, and content of oil 60*3 per cent. 

» 

PHYSICO-CHEMICAL ANALYSIS OP CANDLE-NUT OIL (GARDNER). 


Specific gravity 0*927 

Acid number 1*3 

Saponification number 192*8 

^Iodine number 162*0 

Refractive index 1*476 
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■ . , , 

;Phogphoric acid {P»0.) 
Soda (Ifa^O) . 
Potash (KgO) . 


?P«r(fe!BJ 

' - 3-9^, 

. 0*47' 
^1*49 
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SeTot T'' "T Manila anriomt me"' 

:psss«Balr 

their needs collection ceases Tf ic u i i • 
ta as to the amount of ln.nbang nuts tretferlnttTstiffi 

picul i lmTf? ^ 

L la yarit fririi'to^iT.S , ^‘''T f 

is stat«d thof tn ^ J'®’’ P'®"‘ f*"’ ‘he shelled kernels 

SSxHsiS-Hfi;; 

from the Molaccam species. During the last few years Lneri 
8 nee the lumbang tree have been inauguratei 

s The tl^ f"'?" ^e^^^hure have distributed 100 00(> 

w in * *u however, been 'depletel 

3 r m clearing the ground for cultivation or for use in the mum, 

me of match splints, for which, the wood being soft, it has been'* 
d quite suitable. It is pointed out that anyone takin-r un the 
ion of exporting lumbang should not lose sight of the faef that 

lutsconsist of one-third kernelandtw-o-thirds®sheU,whi^ 

freight charges for the unshelled material.” 

orfemoy tolls us that " in Cochin-China, Indo-CCinese lacqiier i e 

likely It 18 the real Chinese oil that is used and not euriun 
St? f M 2 parts of lacquer to 1 pah of wffifl^ 
ixture 18 firat exposed to the sun to give it the UMessarv fluMitvi 

mblkh? h f K n Aoiordin/tg:a 

rablished by the Eevue Coloniale ’ of 19 Mav ISq*? nanfuf' ^ 

:i»nte ttta, Wild,, h.,i.g SSl 

MM analo^us properties to a quick-dr^ng oil of ClSeS^a 

^hich the Chinese of Cochin-China use in making ’SSTva 

Mns of wood varnished Vith >a,«>qaer;| 0 %ted | 't|^q-'- 



candle-nut dil are, it wo^ild ap^r^ depofiited ati|lf^| 
P^bn Cl^a^er ^of Commerce. Now the oil us^ ip China ior 
j^:p|l( 08 e k extracted from the seed of a tree ^hich is no other thah'^ 
mYAl$urites — A. cor data, Stend (Blaeococca verrucosa, A, Juss), that 
^ .CWnese call Tong Tse Chou or Oil Tree,«,nd the Japanese Wu ^ 
liuog^' It is not therefore surprising that candle-nut oil from an allied 
species should have analogous drying properties and should be capable" 
of being utilised in making these varnishes. Moreover, according to 
Lemarie (‘ Rev. Cult. Col.,’ 5 September, 1899), the Aleurites cordate^ 
grows wild in the forests of Tonkin. It is the Cay Trau or rather the 
Cay Dan Son of the Annamites. But the colonists of Tonkin confuse 
it with the A. Moluccana, under the name of candle-nut tree, a name 
which only belongs to the latter species, ^loreover, trau oil has many 
analogies with candle-nut oil. It is yellowish, viscous, combustible,! 
and much more quick drying. It is used with the lac after boiling;* 
It is the* wood oil of the Anglo-Chinese market, and not to be confused; 
yrith gurjun balsam.” « . ' ^ 

The above statement by Cordemoy and the statement as to the 
drying properties of candle-nut oil by Andt^s which would make itoul^ 
^ be a better drying oil than wood oil, led the author to write to the 
Kew authorities to see, inter alia, if they could explain how it came to 
pass’ that candle-nut oil was reported as a poor drying oil on the one 
hand, and as one of the best drying oils known on the other. The 
following extract contains fhat part of the Director’s reply which bears* 
on candle-nut oil : — 

Extract from a Letter to the Author from the Director of Kew 
Gardens of 16 March, 1917. , ' 

, On the subject of your difficulty in reconciling certain statements 
jfchat have been made with regard to the properties of candle-nut oil. 
and the possibility of a confusion between Aleurites cordata and 
Moluccana, and in compliance with your request for data that may be 
available for the purpose of Removing the difficulty, I beg to enclos^ 
a memorandum containing references to the more recent literature 
on the subject. Perhaps the difficulty you have experienced ia nof^ 
confined to the jfcssibility of a confusion between A. cordata and Ai 
Moluccana, but may be aggravated by the confusion which has pre*- 
^ail^ between A. cordata and A, Fordii, the latter being the trae 
sohree of Chinese wood oil.” 

The greater part of the memorandum refeiTed to here is repro; 
in, the section dealing with wood oil. 

The remarks in the memorandum relating more especially ^ 
j^p^ljp-BUt oil are as follows : — 

Aleurites Triloba, * Candle-nut \ 

p»^In;a^ditiOn to the*commer^^^^ products of India referred to. ^ 
iSI lMfitosh'klldtter. some partio%rB together with, an anaJjTB|| 
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of the seeds will be found in ‘Bulletin of the Imperial Institi 
No. % 1907, pp. 135-6 (John Murray, London); ‘ Pharmacograpl 
Indica,’ by Dymock, Warden, and Hooper, vol. iii., pf). 27^ 
(Kegan Paul, Trench, Trubner <fe Co., Ltd., London, 1893) ; anc 
the ‘ Agricultural New^s,’ Barbadoes, 6 October, 1906, p. 317 (Di 
& Co., 37 Soho Square, London).” 

Funkmia Kicksia Africana Oil is obtained from the seeds of 
plant formerly known as Kicksia Africana, but now termed Funtu 
Elastica, a West African rubber-bearing tree, cultivated in Trini 
and other West India Islands. The seeds are very small, 
of them only weigh about 75 grammes. Hebert obtained 20 
cent, of oil, Rideal and Acland 31 to 33 per cent. The oil depc 
a solid stearine on standing — specific gravity at 15° C. (59° ^ 
saponification No. 185 ; iodine No. 138 ; refractive index at 15‘ 
1*4788; the insoluble acids amount to 95*1 per cent. (Rideal 
Acland). 

Hemp-seed Oil is expressed fi'om the seed of the hemp p! 
{Cannabis saliva), a plant belonging to the family of Urticacece, 
nettle family, and from the fibi'es of wl 
cordage, ropes, etc., are spun. Ther< 
sometimes a difficuhy in getting lins 
absolutely free from adulteration \ 
hemp-seed oil. This is owing to the pi 
tice of growing linseed and hemp-seed 
mixed crops. The oilcake is used a 
feeding stuff for cattle. In the U.t^.A. 
yield of hemp-seed is said to be 20 to 
bushels of seed to the acre. The pi 
requires to be harvested before becom 
quite ripe owing to liability to seed: 
The fruit of the plant is nut-like in fo 
and comes on the market freed from 
outer capsule. It is of an oval shape 
to '4 millim^res long and 2 millime 
broad, somewhat drawn together in 
middle. The outer shell is brown 
greenish-brown in colour, thin and he 
with a smooth surface, composed of i 
Fro. 106.-C«»na6« mtiva. of which the outer is pale gre 

The source of hemp-seed and the inner brown-green. The fr 
oil. like seed has a thin light green skiu, i 

fills the capsule completely. The seed 
a peculiar smell, a mild oily taste, aUd contains 30 to 35 per cent 
a pale limpid oil. 

The oil is obtained in the usual way by pressing the seed with 
without previous heating, or by extraction in the customary f<jrh 
apparatus. 




toktlNG OILS OTHER THA>f Xl^S^ED 423 ! * 

The yield of oil is about 25 per cent, by expression or 30 to 32 per . 
cent, by extraction. ^ * 

Cold* pressure extracts of a thin pale green oil, warm pressure 
a dark thick oil. * 

The following figures give an idea of the composition of the seed : — 

TABLE SHOWING THE COMPOSITION OF (1) GERMAN AND 
(2) RUSSIAN HEMP-SEED. 


* ! 

llrnip- 

Seed. 

Russian Hemp- 
Seed. 

Organic matter 

54*80 

54*95 

Proteids (included in above) . 

(15*95) 

(15*00) 

Ash 

8*45 

4*50 

Water 

K*r)5 

9*13 

Oil 1 

88*()0 

vSl*42 


In Poland, Galicia, and Hussia large quantities are ])roduced and 
used in the oil and varnish industries. In Kiissia the best sorts are 
used as edible oils. • 

The principal application of the cold-pressed oil is in cooking and 
baking, and large quantities of warm-pressed oil are used for burning 
and in the manufacture of* soajj. 

The*green soft soajj of North Germany is a hemp-se(!d oil soft soap. 

The seed loses its germinating power very (juickly, hence the stock 
of seed should be one season old only. It is said Russia annually, 
produces half a million tons of hemp-seed. 

CHEMICAL AND PHYyiCAL PROI’ERTJES OF HEMP-SEED OIL. 



lA'iisitv at 

Solidili- 

eation- 

Safxniiti- 

cation 

Iodine 

Mau- 

lueue's 

01 eo re- 
fracto- 


point. 

V.due. 

Value, ^ 

Test, 

" c. 

meter. 

Allen 

0*925-0*931 ] 

Thick 





Benedikt . . ^ . 

- 

at 

— 

157*5 

— 



OhAteau . 

(>*9270 J 

- C. 

— 

— 

— 



De Negri and Fabria 

0*9280 ( 

solidifies 

192*8 

140*5 

95-99 



Pontenelle 

0*9276 / 

at - 27^ C. 

___ 



— 



Hubl . •. 

— 

— 

— 

143 

— 



Jean ... 

— 

— 

— 

— 


4- 80 

Massie 

0*9255 

— 

— 



— 



Miumen6 

— 

— 

— 

_ 

98 

— 

Shukoff •. 

— 

— 

192-194*9 

157-166 

— 

— 

Souchere . 

0*9255 

• — 

— 

— 

— 

— 

Valenta . 

— 

— 

193*1 

— 

— 



Fahrion . 

0*926 

— 

190-5 

145-(>6 

1 


P. Ludwig, average of 11 samples, 149*4. 




Melting* 

Solldifi(4- 

tion-^nt, 

Mean ’ 
Molecular 
Weight. 

. • 4 ' ; 

Iodine Value. 

Value.? 

,]^|Dedikt and Ulzer . 
De Negri and Fabris 
MorawHki & Demski . 
Hiibl .... 

17-10 

19 

14-16 

15 

> 280*5 

141 

122-125*2 



; The colour of freshly pressed hemp oil is greeni$h-yellow; *tha 
extracted with carbon disulphide is brownish -yellow, while ethej 
extracted oil is an intense fresh green. The green colour of th 
‘freshly-pressed or ether-extracted oil leaves it after some time and th 
oil becomes brownish-yellow. The smell and taste are like thos 
of the seed. The flavour is described as disagreeable, the odour a 
mild. With regard to viscosity, at Ifl'’ C. the oil flows 9*6 time 
more slowly than water, and at 7*5'’ C. it flo* 78 11*6 times. Hem 
oil dissolves in 30 parts of cold alcohol and is miscible in all prc 
portions with boiling alcohol, but the solubility in alcohol of any o 
is a function and factor of the free fatty acid. Its solution in 12 part 
of boiling alcohol deposits stearine on cooling. One part of , the o; 
requires 2 parts of ether to dissolve it. The liquid fatty acids contai; 
a large proportion of linolic acid, and smaller quantities of linoleni 
and isolinolenio acids, also oleic acid. The elementary composition c 
hemp oil according to Mulder is — 


Carbon 76*05 per cent. 

Hydrogen 11-35 „ 

Oxygen 12*60 „ 


The percentage of solid fatty acids in a hemp-seed-boiled oil segai 
)le from the mixed fatty acids was found by Lidoff to be 4*8 per ceni 
luid hempolic acid would appear to be identical with linoUc acic 
CieHggOj. Hazura gave in his first research the old formula, in hi 
second research with the hex^bromlinolenic acid, of 'm^J 

T??” C., and the tetrabromhempolic acid, CigHggBr^Oji. . Lastly 
sfSy^tematic oxidation with KMnO^, shows that hemp')lio acid is not 
Simple body, it yields 4 per cent, of dioxystei-ric acid, 24 per cent. < 


saitivic acid, and 2*5 per cent., of linusic and isolinusic acid. Tlnl 
hempolic ” acid in addition to linolic acid, 70 per cent* contains olei 
|wid, GigH 3402 , about 15 per cent., and linolenic acid, 

Mulder found palmitin and stearin. Lewkowitsch demes^td 
l^resence of the latter. The flash-point of hemp-seed oil 4s 275® ,^ 
^(627’ T’,) (Eakusin). The dextro-rotary polarisation is 0'1» V ' 

, There are a number of colour tests for hemp oil. On heating 
^Oda lye (specific gravity 1*340) it gives a brownish-yello^hard udal 




of equal parts of ^rong sulphifio' aoii, 
l^ia 'anw Vater^ a green dolour is obtained which soon turns bladk, an^ 
bc^mds reddish-brown after 24 hours* standing. Sti'ong hyd^chlori^l 
Uroid turns fresh hemp oil grass-green, and old^r oil yellowish-green. 

, , of hemp oil has been stated to be as good asj 

that of linseed oil. But it is far from being so. Weger in fact found itS 
tfibk 4 to 4^ days to dry with the oxygen absorption of 13*6 and 13’’^,^ 
respectively. Hemp-seed oil is, however, a useful raw oil for oil boil^ 
ing. Its greeu coloration can be bleached by fuller's-earth. More^ 
over, it may be changed to a golden-yellow by long heating at 300® 
when a golden-yellow stand oil is obtained. >; 

When mixed with 2-^ per cent, of powdered litharge and IJ p8%J 
oent. of sugar of lead and heated, a very good boiltjd oil for painting pur- ‘ 
poses results. Zinc white ground with this boiled oil and painted on tin^ 
dried in 12 hours. When the price of linseed oil is compared with thaiS 
of hemp-seed oil, it will he seen that if the latter will give as satisfao* 1 
tory results in practice as linseed oil does, its use would he profitable,;^ 
Experiments in Boiling Hemp- seed Oil. — Hemp- seed oil was first i 
heated without the addition of driers. The temperature rose quickly 
to 200® C. (392® F.) without any scum forming on the surface, and with 
only slight formation of bubbles. Vapour with a faint, rather pleasant 
odour then began to be evolved, and when 270® C. (518® F.) was reached 
there was no “ breaking " or separation of mucilage as with linseed oil»^l 
The tin^ of the oil on cooling was, when seen in bulk, slightly darker^^ 
and perhaps a little less transparent, but the smell did not differ from 
that of the raw oil. By continued heating at 270° C. (618® F.) a 
unpleasant vapour was evolved. On cooling, a slight increase was > 
noticed in the viscosity, but the colour was only slightly darkened.^ 
Heated for 2 to 2^ hours at 300° C. (572° F.), a very thick-flowing t 
golden-yellow “stand” oil of high transparency was obtained, whioh^^ 
resembled linseed “ stand ” oil in smell. 

A fresh sample of hemp-seed oil was treated with litharge. 500 £ 
grammes were taken, and ^heated to 150® C. After 10 minutes a|j| 
this temperature, 40 grammes of powdered litharge was stirred 
U^itle by little. The addition made the oil froth a good deal, but onira 
eT' slight scum was fortned. The colour altered to dirty greenish|| 
^kening little by little until the product finally became brown. ■ 
■A. Lidoff examined tw^o Russian hemp-seed boiled oils with th^^^ 
j^Jlb'mng results : — , 
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Lidoff was astounded at the high iodine number of the fatty^" 
acids, “for in the literature Morawski and Demski’s figures are given , 
as 122 to 125*7. These figures are much too low, being due t6 the pro- 
longed heating of the ^itty acids. Lidolf s figures for the two boiled 
oils for similar reactions, showing a relationship between the iodine » 
and oxidation figures, is excessive ; then the Hehner value of 93*4, and 
the iodine number of 140 of boiled oil I. calculated for the fatty acids 
themselves, give the iodine number of 149*9, which agrees well with 
that found by Lidoff 149*1. The acidity of the boiled oil has increased 
one-fourth. The increase is due to the great heat utilised in oil-boiling, 
as Lidoff only found the small glycerine content. The glycerine 
therefore plays an important role during the drying process, as Lidoff 
found by two oxidation experiments with boiled oil IL, and the fatty 
acids contained therein. But the film was far too thick. That the 
layer of free fatty acids absorbed more oxygen, but took much 
longer to dry than the glyceride,' is not surprising. Mulder obtained 
the same results with linseed oil. The acid value of the fatty acids 
submitted to the experiment (inner half 75 days, 153*4 to 163*2). 
Petroff made two similar experiments but with much thicker coats, 
one with the raw oil, the other with the same hemp-seed oil blown 
and heated to 200° to 250° C. ( = 392° to 482° F.) for 4 hours. The 
oxygen absorption in both cases was 12 per cent., that of the inner 
half only 0*3 in 75 days. Petroff concludes that the blowing of hemp- 
seed oil is beneficial. These hemp-seed boiled oils took the following 
time to dry : — ^ 


Haw hoinp-seed oil . 


. . 8 days 

„ ,, „ witli 2 

per cent. Mnll 

. . 25 hours 

M 1» ». »» 2 

„ MnL . 

. . 25 „ 

Blown henip-soed oil, ,, 2 

„ MuR . 

. 20 „ 

n >» i» ♦» 2 

„ Mnlj . 

. .34 ,, 


Boiled Hemp OIL Specification for South Russian Foot Plys , — 
Boiled hemp oil must bo pure with no foots, without any bitter taste, 
and be unmixed with other cheap oils. It should not yield over 1 
per cent, of foots. (1) It should mix eAsily with pigments and flow 
easily with the brush, dry to the bottom surface in 24 hours, and not 
creep. (2) The specific gravity at 15° C. must be between 0*935 and 
0*955. (3) If it is agitated with strong sulphuric acid and does not 
take on a clear green colour but one of a reddish tinge, then there is. 
certainly a mixture of train oil present. (4) If when mixed with 
ether it yields a dark red colour when poured on ultramarine, rape 
oil is present. (5) It must not contain a mixture of linseed oil* 
Horned Poppy Oil. — The oil of Glaucium flavum is» present in 
the seed up to 30 per cent, of oil. "When extracted in the cold it is 
c^pale yellow, inodorous, insipid, its density is uncertain. Cloez gives. 

for two tests 0*913 and 0*92416, one of which, evidently the first, 
i' must be a misprint. When hot expressed, this oil is darkej wii 
smells more strongly. It dries very well and should be atilised 
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an edible oil, and as an illuminant. As the plant springs up natur* 
ally on waste gravelly ground, on the seashore, and th^ bafiks of 
streams^ it has been thought to multiply it there and thus render 
barren land profitable, such as the shingfe of the lower Seine.. 
This project was never executed. ^ 

. Kaya Oil . — This oil is obtained in Japan from the seeds of Torreya 
nucifera S. et Z. (Ta-vaccce) . The plant grows wild in mountainous 
regions in several districts of Japan. The kaya seed is usually of a 
long oval shape with pointed ends. It is 1'5 to 2 5 centimetres long^ 
and weighs on* an average 1 gramme. The testa has a brick-brown 
colour, and is very hard ; the nucleus is pale yellow, covered with 
reddish-brown teginen. A sample consist(‘d of 32 per cent, testa and 
68 per cent, nucleus. The analysis of the nucleus gave the following 
results : — 


Locality. 

Moisture. 

Oil. 

Ash. 

Tokyo .... 

• 

5-01 percent. 

1 51 -07 per cent. 

2-20 per cent. 

Sh4ga .... 

2T>7 

j 51-70 

1 

-2'20 ,, 


The oil is prepared by steaming and ])ressing th<^ powdiM’od seeds. 
About 13 per cent, by volume of the oil is obtained from the set)d. 
For the examination of tluj oil, a cold drawn oil Irom the Tokyo seeds 
and tw(5 commercial specimens from Miye and Tottori prcifectures 
were Used. The oil obtaiiuKl by cold pressing is a light yellow liquid 
with a faint odour and mild tast('. When coohid down even to - 20“ 
C. it gave no turbidity. The commercial oils arii yellow in colour, 
and have faint, resinous odour. Their taste is d(‘cidedly urqdeasant. 
The Tottori oil was very turbid from the presence ol admixed im-' 
purities. 

PHYSICO-CHEMICAL CONSTANTS OF KAYA OILS. 


• 1 

'I'okyo Oil. 

Oil. 

'J’ottori Oil, 

Specific gravity a# 15" C. 

Acid value . . # . . 

0- 023H 

1- 48 

0-9233 

4-24 

0-9244 

12-CG 

Saponification value 

Iodine value (Wijs) . . . .1 

188-38 

142-21 

188-34 

137-95 

187-95 

133-37 

Hehner value *....• 

95-7 

1 — 

1 

Reichert-Meissl value 

0-93 

I ' — 

i 1-4757 

Befraotive index at 20*^ C. 

• 

1-4770 

I 1-4700 

1 


Kaya oil dissolves readily in. the common solvents; in Valenta’g 
test the cold-drawn oil gave turbidity at 62“ C. By the elaidin t^ 
(at 16“ C.) no solidification was observed after 2 hours, and at thi 
end of 21 hours only a small deposit of a buttery substance wai 
lorftied. The mixed fatty acids obtained from the cold-drawn oi 
form a pale yellow liquid at the ordinary temperature ; when cooled 



<5* following constants were deter^ined(i Sjpecifid 
[at 98*" C.), 0 * 8669 ; nentralisation’^value, 192*81 ; meaEt^&oJ^uS 
weight, 290*96 ; iodine value (Hiibl), 149*45. When heatel ip a thi^ 
iayk at 100® 0. for 3, hours kaya oil dries to an elastic film. Thd 
boiled oil prepared by heating the oil with manganese borate ol! 
rosinate, dries perfectly in 24 hours at the ordinary temperature. 
the hexabromide test no precipitate was obtained. The composition 
of kaya oil has not yet been fully ascertained. T. Kametaka obtained; 
a tetrabromide of m.p. 114® C. by brominating the "mixed acids in 
glacial acetic acid ; so the presence of linolic acid should be taken 
as proved. Kaya oil belongs to the group of drying oils. Its dryings 
property is, however, much weaker than that of linseed oil, as might 
be expected from its iodine value. The cold drawn oil is used as 
an edible oil; commercial oils have sometimes a very unpleasant 
resinous odour, and are utterly unfit for foodstuff. Besides for burn^ 
ing, the oil is used in the manufacture of oil papers, as an insecticide, 
etc. It may be also used as a material in the manufacture of .paint'^ 
and varnish. . 

Lallemantia Oil. — French, Huile de Lallemantia ; German, Lai- 
lemantiadl. — Density at 20® to 21® C. 0*9336 ; solidifies at - 36® C. ; 
Hehner value, 93*3 ; Reichert value, 1*55 ; saponification value, 185 ; 
iodine value, 162*1 ; melting-point of fatty acids, 22*2® C. ; solidifica^ 
bion point of fatty acids, 11° C. ; iodine 'value of fatty acids, 166 "7.' 
This oil is extracted from the seeds of Lallemantia Iberica, Pisch et 
M., a plant belonging to the Lahiatce, growing wild in the Caucasus, 
and cultivated as a farm crop in Russia, near Kieff. Its iodine valu# 
is very high, thus ranking it amongst the first members of the drying; 
oils. Wood oil, however, surpasses it, although the drying properties 
of linseed oil would appear, according to Richter, to be inferior to M 
Richter spread a little of the oil on a watch-glass, and after 9 days’ ex-J| 
posure it dried to a thick resinous coating. But the drying propertjes 
tfave possibly been overrated, and confirmatory results are necessar]^^ 
By heating the oil to 150® G. (302® F.) lor 3 hours complete drying, 
bok , place after 24 hours. The oxygen absorption by Livachel8"^$|<: 
was 15*8 per cent, after 24 hours, and for the mixed fatty acids 14 
^eht. after 8 days. Ten grammes of the oil v'at 18® C. treated with 2i 
grammes of concentrated sulphuric acid gave an increase in tempe^rai^ 
bure of 120® C. (248® F.) identical with a good linseed oil. 

, Madia OH is extracted from the seeds of Madia Saliva, a OhfliSni 
blant introduced in the early decades of last century into the agriodlfeure; 

ihe drier parts of Europe. Madia oil expressed with6u4.iheafl||| 
transparent, yellow, odourless (LinSley), endowed with 
udour, add fit for salads. Its cake is good for cattle. It projud 
ip V dry climates as much oil per acre as poppy. In ooifi]^^^ 
with colzas as 32 to 28, linseed oil as 32 to 21, and bliyesfli ' ^ 
|6\16.‘ Tb[i^ oil dries very well and can^ compete JJ|^1^ 



i bj^iitrous^cid, and forms with soda a hard colourless 
iraSrSIOAIi AHD CHEMICAL CONSTANTS'OF MADIA OIL. 


Authority. 

'1 

Density at 
15“ 0. 

Solidiftcation- 

Sapoilfi- 

catiouNo. 

Iodine 

No. 

Maumou^ 

Test 

De Negri and Fabris 
Hartwich 

Bieglor . ^ . 

Winkler . 

'i' 

0-9285 
0-926-0 -928 

0-9280 

1 

- 12 to - 15 

- 22-5 
(cold drawn) 
- 10 to - 17 
(by hot 
pressure) 

192-8 

117-6.119-5 

95.99*’ a 

Fatty Acids. 

i 

1 Solid-point. 

Melting- 

poinl. 

Tcwline 

No. 


' j9 

De Negri and Fabris 

j 2^-22 

1 

23.20 

120-7 





Fio. 106.— Longitudinal section of fruit of Zea-Mats ( x 6). 
liljriioarp; n, remains of the stigma; /«, base of the fruit; cgf, hard yeUowteh 
^art of endosperm; etc, white softer portion of endosperm; sc, scutelto 
.^ifootyledon) of embryo; ss, its apex; c, its epidermis; A: plumule ; w 
W), the main root ; tcs. sheath covering main root ; w (above), lateral root^ 
' ^ets-apringing from the first intemode of the stem, st. (After Sachs.) 

ifAiwe Com Oti.— The ootnmercial prominence which maia^ 
t and cake have gained durin| the past two decree has proved 
indipbi;t;anoe of this grain as a competitor of the oil seeds a^( S^K 
I iMe oiiaratotedstios Of its products were understood. Both the oi| 
|i)^e hlfcve beed subject to the prejudices which exist against al 
iitfDrodlidts.'ajid they have been marketable only at prices 
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afforded a suflQcient margin of saving, as compared with the older 
oomm'oditirts whoso field they invaded, to command the attention of. 
buyers. ^ v “ 

Maize oil has certain characteristic properties, however, that are 
not at present made u^p of, at least, to the extent they might be. It 
forms a strong and elastic emulsion very quickly. It is very fluid, 
and remains clear, and that at a very low temperature. It does not 
give when chilled any precipitate until 0^ when a few gelatinous 
strings separate. It is susceptible of refining to a handsome, almost 
water colour, much finer than can be done with linseed oil. Kan- 
oidity rarely or never gives trouble in this oil, nor is the danger of 
spontaneous combustion (ignition) so great as in others. The taste 
and odour can be largely removed, nor are they unpleasant in the 
orude oil, cons sting simply of an intense maize taste and odour. 

The crude oil, obvious without any test, would seem to indicate 
that there arc great possibilities for a carefully refined product which 
would give it a 'prominent place among the,,edible oils, and would 
possibly enable it to find its way into industrial uses for which it has 
not thus far been suggested, ft is less likely, apparently, to invade 
the domain of linseed oil than it is to compete with the semi-drying 
■class to which it more distinctly belongs. 

As is g^merally known, the oil is now made wholly from the germ 
of the maize kernel, which is an otherwise valueless if not, indeed, 
detrimental constituent of the corn, in the manufacture of glucose, 
starch, and in alcohol distilling. This has proviid an unfailing and 
cheap source of sup])l) , and this, is said also to give to the cake a 
superiority over cake from seels which yield a larger percentaje of 
husk or other exterior luill. Analysis of corn cake, the figures given 
being percentages : — 


TABLE GlVIN(f COMPAUATIVE ANALYSIS OF MAIZE, LINSEED, AND 
COTTON-SEED OILCAKES. 



Maize 

Oilcako. 

Linseed 

Oilcake. 

Cotton- seed 
Oilcake. 

Moisture 

9-75 

9-fO 

9-1 

Protein 

21-70 

32-75 

45-0 

Fat 

10-50 

10-50 

10-0 

Non-nitrogenous extract and fibre . 

64-68 

42-00 

29-0 

Ash 

3-37 

5-25 ’ 

6-4 


The larger percentage of protein in cotton-seed oil cake the 
average of a series of analyses, the range of which was frohi 41 to 63^ 
per cent. A careful determinat on of the fertilising value of the dif- 
^ Cerent cakes has not been ma le. However, they serve to indicate 
that corn cake is, as it would seem necessarily to be when we con- 
sider that it is made wholly from the heart of the kernel, 
formidable competitor of the oil seed product than is th^ oiF ilself*' 
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Mdnihot Oil . — Manihot Glazowii oil is the produbt of a rubber- 
bearing tree, indigenous to arid regions of Brazil but oujtiva^ed in 
JBast an^ West Africa. The nut weighs about 0*5 gramme, about 
S grammes, the shell or husk is hard. The seed contains 45*3 per 
cent, of kernel and 64*7 per cent, of shell. I^ut Fendler and Kuhn 
found' 25 per cent, of kernel. The whole seed yielded 15*75 percent, 
of oil. On exposure to air in thin film this oil dries to a skin after a 
few weeks but the absorption of oxygen is not gW*at, amounting only 
to 8*8 in 7 days. Specific gravity at IS'’ (k, 0*9238 to 0*9258; ra.p. 
below - 17° C*; saponification No., 188*0 to 189*1 ; iodine No., 135 
to 137 refractive index at 15° C., 1*475. Fatty acids ; The oil con- 
tains 95*1 per cent, of insoluble fatty acids. S})(*cific gravity at 25° C., 
•0*8984; solidification-point, 20*5° ( -. ; m.])., 23*5" Cl.; neutralisation 
No., 197*6 ; iodine No., 143*1. 

Nsa-Sana. — Some seeds from th(5 Calabar district of Southern 
Nigeria were examined by tlui Imj)erial institute. No information 
was received as to the botanical source of the seeds, but from in- 
•(juiries by the principal Fon^stry ()fiic(U's, they are the ))roduct of 
Ricinodendmn africAinnm. The sample, consisted of about 3| lb. of 
the iseeds, whicli were in fair condition on arrival. They contain 
45*2 per cent, of oilf which dried in a day on exposure to air at the 
atmospheric tein]X:;ratur(‘, and left a wax-like njsidue. The oil has 
been examined chemically and found to r(5semble t’ung oil (Chinese 
wood oil) in composition, • The following table gives the results ob- 
tained in the examination of the od from the Nsa-Sana seeds and also 
the t’ufig oil for comparison 


. 

Oil iroiii 

Nsa Sana Seeds. 

'P’ung Oil. 

Specific gravity at 20” C 

Saponification value 

Iodine value, per cent. . . . 

Hehner value (percentage of •insoluble 

fatty acids) 

Titer test (aolidifying-point of fatty acids) 

# 

0'\mo 

101-0 

J'l7-7 

05*2 

35-7‘’C. 

0’\m to 0*042 
(at 15-5° C.) 
100-107 
140-166 

003 

37*1 to 87-2° 0. 


These results, and the behaviour of the oil on drying, seem to show 
that the oil fr(5m Nsa-Sana seeds could be utilised as a substitute for 
tung oil; but technical trials would be necessary in order to de- 
termine this point. Tung oil is principally sold in the United States 
of America, but there is also a fair market in this country, whore it 
. is used in the manufacture of linoleum and also varnish-making. The 
price of tung oil in London at the date of report was from £32 to £3d 
per ton. The Nsa-Sana oil could also be utilised for making soft 
# 3 ap^ and at present it would be worth from £18 to £20 per ton for 
this purpose. The value of the seeds would be determined by the 



||moufl|'"of oil;; wljjoh they edhtoin ^nd the price 

s^edeWile analysed, and the resi^te ]9howe^ that the ^ 

Jeh after the extraction of the oil would possess a feeding- yal^i^ 
IJrpximately equal to that of decorticated cotton-seed cake.* Tfee pett 
%a8 examined for poisonous constituents, and indications* of; |h0 
jj^esence of an alkaloid were observed. On this accounji, and alao> 
6wing to the nature of the oil which the seeds contain, it seems im-* 
probable that the cake could be used as a qattle food, and very carefyl 
experiments as to its effects on animals would first have to be made 
before it could be recommended for this purpose. It coujd, however, 
utilised as a manure, since it is rich in nitrpgen. 

/ Manketti Nxit Oil (Nm-Sana Oil ). — This oil is said to be the pro^- 
duct of Bicinodendron Bhautaneiiii (Schinz), belonging to the family 
qf Euphorbiacea or Sporge Worts, growing to a height of 40 to 50^ 
feet, and common in the South African veldt, indigenous to South-West 
Africa. But the same tree apparently grows in Central Africa, if we 
may take Southern Nigeria as part of the Central Division of Africa. 
At any rate the fruit of the Bicinodendron Bhautanenii is described 
as weighing about 10 grammes, and the seed about grammes. The 
kernel weighs about 10 per cent, of the whole fruit. It contains fil'd- 
per cent, of oil =» 32*3 on the whole seed, or fi'15 per cent, off the, 
fruit. A later bulletin describes the fruits as | to 1 inch in diameter, 
and 1 inch to 1-J inches in length, consisting of husks 13 per oent^, 
'mesocarp 20 per cent., and nuts 67 per cen’ic. The kernel of the nut 
formed 10 per cent, of the entire fruit. The kernels contained about 
<4*1 per cent, of moisture and 57’2 per cent, of a bright yellow Hquidr' 
oil, giving the following numbers: specific gravity at 20° C; 0*9320; 
acid number, 1’9 ; saponification number, 191’5 ; iodine numbir, 133’6| 
Its iodine number, insolubility in alcohol and solubility in light pe- 
,troleum, point to the oil being semi-drying and not to its belonging to 
the castor-oil group. It is not particularly suited for paint-grinding or 
yarnish-making. It is used as an edible oil. The small proportion of 
kernel and the difficulty of extracting the oil debar as unprofitj^bl^ 
the exportation of nuts to Europe. 

With regard to Manketti nuts, the latest information states that, 
^thjase are obtained from a Euphorbiaceous tree {Bmmdend^ofi 
fffneizw),' which grows on the South African veldt. It is a mbderaj«y 
‘|i«ed tree growing to a height of Ifi to 25 feet, in some places iforijl^ 
tpg extensive forests. The fruits are about | to 1 inch in dianSter 
;|pd,A to 1-J- inches long, have a tough outer reddi8h-browii;^hu8k,|a 
pulpy brownish mesocarp, and a nut which amounts to aboul €7;l^r 
Joeht. of the whole fruit. The shell of the nut is thick mi 
labile the kernel, amounting to only 10 per cent, of the whglefrafc 
oily and cream-coloured. The kernels yield 57'2 oent|;^of ^ 
flight yellow oil, which has an iodine value of 133;6 and i| 
fdryiffg oil. ' This could be used for soap-making and. p&!|bly 

oil: but for paint and warnish purposes it #6ul4 ii^ypSwiS 
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together suitable. At the present time the kernels would fetch per- 
haps £20 per tori, but in ordinary times their value would-be Jlearer^ 
£12 or iJ14. The nuts are extremely difficult to crack, and this, 
together with the small proportion of useful kernel and mosocarp, is 
regarded as a barrier to their employment in ijreference to other oil 
seeds as long as the latter can be obtained at reasonable prices. 

Niger, Kersanee, or Ram-til Of/.— The “ Niger seed ” of African 
commerce, and the ram-til or Kersanee of Indian cultivators is the 
product of a plant belonging to the natural order of Composite 
Guizoiia Oleife^a, The plant grows wild on the Gold Coast of 
Africa and is cultivated in Abyssinia and in many parts of India, 
especially Mysore and the Deccan. Here the seed is sown in July- 
August after the first heavy rains, the fields being simply ploughed and 
neither weeded nor manured. The seed is drilled in rows 11 to 13 
inches apart, and 4 to 6 lb. seed per acre is held sufficient. It is 
commonly grown alone but is sometimes accompanied by a pulse crop. 
When the crop is ripe it is cut (3 months after the sowing) near the 
root and stacked for 8 Says, and after being sun-dried for a few days, 
the seed is threshed out and separated from fragments of the plant 
by a*fan, the produce being about 2 bushels an acre, which seems a 
very poor yield. By.the common country mills only 25 per cent, of 
oil is got from the seed, but better appliances bring the average up to 
35 or even 40, but the seed dries quickly, and in England yields only 
16 gallons of oil, while rap«-seed yields 20 gallons. The oil is limpid, 
clear, pafe yellow or orange in colour, and sweet flavoured with a 
nutty trfkte, and is used as an edible oil by the poorer classes of India 
and commonly as a lamp oil. It is said to be useful in case of dislo- 
cated or fractured bones in cattle. Though much inferior to gingelly 
it is often used as a substitute for it and to adulterate both gingelly 
and castor oil. The oil contains little stearic or palmitic acid, hence 
soap made from it though very white is soft. The cake is highly 
appreciated in some parts of the country, being much. esteemed as a 
food for milch cows. The seeds are crushed in Hull and Marseilles. 

It is used as a substitute fof linseed oil when the latter is dear, and 
also to adulterate rape, etc., oils. It is said by Allen to dry rapidly^ 
at 100° G. From its iodine number Niger-seed oil falls to be 
classed amongst tne slow drying. However, it is said, owing to the 
scarcity and high price from time to time of linseed oil of late years, 
to be largely used as a linseed oil substitute. On this basis Meister 
made some experiments on its drying properties. He found it to 
dry 1^ itself in 8 days, but by adding driers in 16 to 20 horn’s. But 
the boiled <»! was much darker than boiled linseed oil, and the dried 
surface remains tacky for a wholcf day. To some extent Niger-e^^,^ 
oil closely resembles Soya bean oil, and is only used as a substitute fo^ 
boiled linseed oil when the product is pale enough coloured. 

• Fdr details of the extent of the different areas under this crop in ' 
the of India, so far as statistics are available, and the crop 

; VOli. I. 28. 



Qf>mme^^^^^ pag§.625i/ 

\ fr(m t^te Para Rubber Ttee^ Hevea Se^ Ojl . — 
yifli ^etroleiinli ether tfie entire seed gives 20 per 
kernel alone, which i^ about half the weight, of the 8eed, giyel W 
|>er cent. The total oil is distinguished from that pf the ktoels ajoh^ 
inamly by containing a solid fat with a high saponification humbiE^ahd 
low iodine value. The oil dries in the air to a pale transparent ^at» 
and could be used as a substitute for linseed oil, especially now, that 
5evea is systematically cultivated for rubber. The keijnel oil sho^B the 
folldwing constants : specific gravity at 15‘’C.,0'93 ; free acids r^cidned 
as oleic, 5-4 percent., acid number, 10*7 ; saponification number, 20^1 
iodine number, 12H*3. A sample of oil from ground seeds gave 
65-6 per cent, of free fatty acid reckoned as oleic. This large amount 
is due to a decomi)osition of the neutral oil in the crushed seed by an 
enzyme, and makes the meal useless as fodder. Nevertheless tl^ 
press-cakes from the kernels can be fed to cattle. Analysis of these 
press-cakes gave: Water, 13*30 per cent.; ash, 5*19; fat, 6*00 1 
protein, 26*81 ; cellulose, 48*64. Hevea-seed oil is valued at about 
^20 per ton. It is not advisable to export the whole seeds, but the 
kernels, which are taxed at from £10 to £12 per ton, must be exported 
The press-cakes have about the same value as linseed press-cakes, 
viz. from £5 lOs. to £6 15s. per ton. 

Para Rubber Seed Kernels.— K sample of Ceylon kernels yielded 
46 per cent, of oil on extraction by solvents. A sample of the^dxtracted 
oil was found to give a high “acid value,” and this was seAi to k 
Hhe cause of the poor non-spreading qualities of paint prepared ifrom 
it. A high “ acid value ” is given by oil from damaged or old kernels^ 
duly sound seeds should be used. If seeds are decorticated on rubl^i 
plantations, as they should be for export, they should be well sun- 
dned, to prevent moulds, which are likely to liberate free fatty aoicb 

from the oil. , . . : 

Samples of the seed were distributed to various firms for teohnica 
trial, and samples of the cake, after expressing the oil, were sept tc 
the South-Eastern Agricultural College, Wye, for feeding triale. 
results of these trials may be summarised as follovjs ft . 

L Paint and Variiish Manufacture.— Oi^e of the principal us^sl 
which the oil may be put is the manufacture of paints and^varnfiM 
^nce it belongs to the class of oils known as drying oils and clop| 
yesembles linseed oil, for which it forms a good substitute 
8^v6 purposes. Manufacturers to whom the samples were 
trial state that, unless the oil is obtained at a fairly reaaouatj*^ 

' ^ . ... ...... HT . *1.1- 


iOempared with linseed oil, it could not compete wj.th. the 
2. Linole^im Manufacture . — From several triab 
the general opinion was that it was not very suitable .wr 1 
j^auufaoture, and could not be used is a substitute 
to prioe was very low. 



It ;t^utl ill iralfi^B t6 linsetSt pf oil for toapr ^ tS 

.C?«^W5«)iw*r^T^pre would b^ no difficiiljj' in finding *a auitab^ 
JpV tbe <^il» not only as a substitute for Hnse6d oil» when tht 
attei' htgb in price, but also for purpos€|i for which linseed <hI 
w'uhsuitabie ; but in the pix)blem of utilising the oil, oost of raw ^ 
ntteriaX and coat of manufacture of the oil and qtiantities available,, 
ill intervene. 

^ By hydrogenation a new market may be found for oils of th^ type^. 
.g^.in candle-making or even for edible purposes. 4 

Pdra Bubber-seed Cake : Cattle and Sheep Feeding 
^fie first consignment of cake from Rangoon used in feeding trials 
?as abnormal, as it contained about 18 pei* cent, of fat, whereas not 
lore than 6 to 9 per cent, would be normally present in the cake from 
fell-expressed seeds. In the second series of experiments a oak^ Of „ 
lore normal composition was used. In the first trials, which wer^ 
n a small scale only, t^ie cake was fed to cows ; most of them ate th^ 
ake readily after it was moistened with water. {NJJ , — It is dry and 
owdery in the natural state.) No abnornml results were ol)tained. 

Similar results were obtained in the case of sheep, which did not • 
ke 4 he cake fed alene, but ate it mixed with other foods. In tbej' 
»Opnd series, tons of cake from kernels obtained from Ceylon wer^ 
sed. The cake used is stated to resemble a normal market product; 
nd to ’be comparable wHh linseed cake used in England. The 
diowing results were obtained from these feeding trials : — 

^ Shdp.-->A group of animals accustomed to trough feeding were 
sed, and’ the smallest admixture of Pard-seed cake in other cono 
mtrated food was detected by them and left uneaten, even when the 
itaUr-food supplied over a fortnight was reduced below the ration 
epessary for maintenance. All attempts at feeding sheep with the 
Use failed. 


Young Cattle , — These ate the cake readily, but when the quantity 
as increased to 8 lb. per head daily, scouring occurred, and evefi, 
IB. pet* day with 56 lb. of ftiangold produced slight laxative effects, 
^rther experiments confirmed these results, and the cake should n 6 t^ 
tcrefore, he fed ^n larger quantities than this latter amount. The 
sef fronj two of these (Jattle, subsequently slaughtered, after having 


; fed with ParA-seed cake at the rate of 6 lb. per day for 10 
eeka, was reported upon very favourably. 

; Cows . — Six barren cows were taken for this trial and were 

d ^tn increasing qtiantities of Par4 rubber-seed cake up to H lh» 
i efidtof a week, this being the only concentrated food given.' 

wm observed in the excreta after continuing the trial for! 
The yield of milk rose, as the food was richer , than thaV 
a^a^ 4 a 4 ^ hut the percentage of milk fat was unchanged. Buttjfn^ 
milk was normal. The ponclusion is drawn tht^ 
vnth, Par4*seed cake. 
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Full-grown Fattening Cattle , — The dairy cows used in the previous 
trial were ^Cattened while in milk, the amount of cake fed being re> 
duced from 14 lb. to 8Jb. with the addition of 4 lb, of otl|er cake. 
The cows remained healthy and gave a high milk yield, till they were 
intentionally dried olf % month before sale for slaughter. The increase 
per day in live weight over a period of 9 weeks was T7 lb. per cow. 
From these experiments the cake appears to be an excellent fatten- 
ing food for cows, and its value as a cattle food has been proved, 

TABLE SH()WIN(} THE CHEMICAL COMPOSITION OF THE CAKE 
USED IN THE TWO TRIALS IN COMPARISON WITH LINSEED 
CAKE. 



Piira-secd ( 'ake 

FVa-fieed Cake 



{Abnormal 

Sample). 

(Normal 
Samph*. ) 

Linseed Cake. 

Moisture 

C-01 

* H-75 

11*6 

Crude proteins .... 

Consisting of— 

20*93 

30*19 

29*6 

True proteins .... I 

27*03 

24*86 

— ’ 

Other nitrogen eons substances / 

2-90 ! 

5*34 1 

— 

Pat 

17*()H ! 

1 8*71 

9*50 

Carbohydrates (starch, etc.) . 

36*97 1 

41*71 

36*54 

Fibre 

4*8*2 1 

i 6*01 

9*10 

Ash 

4*09 ^ ! 

: 5*00 

6*20 

Nutrient ratio i 

— 

i 1*20 

, 1-20 

Food units 

1 

; 139 * 

138 

ft 


The close agreement between the normal cake and linseed cake is 
very marked. A small quantity of cyanogenetic glucoside was present, 
yielding approximately 002 per cent, prussic acid — a negligible 
quantity. 

Perilla Oil is crushed or extracted from the kernel or almond 
of the seed of a plant belonging to the Labiatie, Perilla Ocymoides^ 
which grows in Japan, China, and India. The fresh oil is pale 
yellow in colour and tastes and smells like linseed oil. In a very old 
acid oil Meister found the colour to be very bro)yn and the smell 
fishy. The oil is used in Japan for the same purpose as wood and in 
the Himalayas as an edible oil. The acclimatisation of the plant in 
Europe has hitheHo been impeded by the fact thf^tuthe oil is only 
exported to Europe in small quantities. In Japan the average annual 
crop of perilla seed is approximately 1,000,000 ken (1,330,00Q, lb.). 
1,283,662 U.S. gallons of perilla oil worth J!f691,742, and 930,463, value , 
$486,894, were produced in Japan fh 1912 and 1913 respectively. <> 



DRYING OILS OTHER THAN LINSEED OIL. 4S7v 

PHYSICAL AND CHEMICAL CONSTANTS OP PERILLA OIL, 




Oljsorvers ; * 1 







Wijs. 

1 Moistor. 1 - - 1 


Specific gravity 

D- 

1 O-UHl i 0-937 ; 

990-8 to 981 ‘OH 

Refractive index 

— 

, - 1 1-47H0, 

1-4822 to l‘48r)5 

Acid number . 

0-U 

10-9 1 4-B 

0-840 „ 6-57 

Saponification namber . 


192- 1 ' 193-1 ! 

189-67 „ 193-88 

Iodine number . . , 


191-7 1 193-3 , 

187-48 ,, 202-45 

Patty acids — . . , 


1 ! I 


Melting-point . . . ' 

- T) C. 

- 4’C. ! 


Acid number . 

VJ7-7 

' 197-1 i 1 


Mean molecular weight . ‘ 

2SJ 

2H1 ■ 


Iodine number . . . ' 

2l()i; 

19S“2 . , 



The iodine value j^i^’en by Wijs for Perilla oil in the hi^^diest of any 
oil, the iodine value of which has hitherto been determined, Meister 
found his low absorption both by the Wijs and the Waller method, 
and ascribes such low results as bein^ due to the aj^e of his sample 
with an average Hehner number of 95. The calculated iodine number 
of the fatty acids in Wijs’ sam])Ie should have been 217, and in 
Meister’s sample 205 ; that in both values lower than those calculated 
can be r«adily understood. 

In iiarmony with the lower iodine number is the fact that the 
melting-point of the mixed fatty acids is the lowest of any oil hitherto 
determined. It arises from an abnormal small content of saturated, 
i.e. solid, fatty acids. Fahrion not being satisfied with either Wijs or 
Meister’s figures, and having a small quantity of Peri 11a seed at his 
disposal, extracted the oil with petroleum ether. The yield was 36 
per cent., which agreed very well with Wijs’ figures of 35*8. The 
seed was apparently pretty old. The iodine number of the oil was 
only 192*4. The separate fatty acids were completely fluid at 
summer temperature, but at 0" C. some crystalline fatty acid^ 
separated. From the high iodine value of Perilla oil we would 
naturally look fof a mq^e rapid drydng oil than linseed oil. On this 
point Weger gives oxygen absorption numbers of 18*3 and 20*9, 
and does not ^regard these figures as small. He found Perilla oil 
showed a sort of inertia on glass plates, and tended to run into drops 
like quicksilver, so that it is difficult to obtain a uniform surface. 
Meilter gives the following figures : A normal film in 6 to 8 days 
^nd a thin "film 0*5 mg. per sq. cm. in 2 to 3 days, but not uniformly. 
Lately it has been stated that rapid heating to 250^ C. complete\jj^- 
solidifies it. Thickened Perilla oil dries off uniformly, and when 
lulled dries more rapidly than a similarly boiled linseed oil, as 
anovfn in^the following table : — 



FEW^A OILGAS COMPAIffifi WOT EAW All^j 
;r-'>ljlN8EEI> OIL. . . , vv 



I^iDaeed oil, raw 

Perilla „ „ 0*8 mg, per sq. cm. . 

,1 »f n 0*5 ,, • 

" „ heated to 250° e. . . 

,, ,, 7 houra to 260° C. . 

’’ boiled oil, 3p er cent, of PbMnR dis- 
solved at 160° C. . • W a- 

Boiled linseed oil, 3 per cent. Pb^fnR dis- 
solved at 150° C. , . - • 


111116 of Dryifig, 
Hours. .. 



Abwffptiw. ; 1 

^ X 1 

90 

“ ' , v,..' 

. 

144 

18'8 

60 

21*2 - 

64 • 

18*3 

48 

13.4 

} « 

21*8 


1 15*1 


Perilla oil is obtained from “Perilla Nankinensis.” Two lots of 
this seed were imported, and one lot of 66§ lb. on being pres^ 
yielded 35 gallons of oil, which it was intended should be distnbut^ 
among the members of the committee on testing paint vehicles of the 
American Society for Testing Materials. The seed contam^ 33 per 
cent, of oil. Analyses of the press-cakes and oils are given bfflow 

1 V,.. ■ ... 5'28 

Nitrogen 2^ 

. . - Phosphoric acid • ‘ 



Potash f ' 

A Perilla oil boiled with 5 per cent, of above driers dried r6a4ily 
in U hours, whereas boiled linseed oil takes 6 hours. From the 
< published figures the oxygen 8ibsorption of Perilla oil sinks during oil- 
boilings according to Meister, the maximum oxygen absolution of 
pure Perilla oil averages 25 per cent. The oil heated to 270 h^ 
been found to bleach pale yellow and does not darken in colour.* t 
bleaches very rapidly with fuller’s-earth. Thickened Perpla 911 ,^ 
used for the same purposes as thickened, linseed oil, and 
for the manufacture of printing-ink vehicles. Perilla oil will f<^ « 
yery good substitute fpr linseed oil when it is available m suitable 
quantities on the market, and at a fair price., ' ' 

^JPoppy-seed Oil — Poppy-seed oil, so highly esteemed by wti^ 
is obtained by crushing the seeds of the poppy (Papavt^ 
indigenous to the Eastern Mediterannean countries, but 
^nerally all over the world, partly for opium, partly for the oimm 
^d|9. The chief producing countries are ChinA. In^ia, 

Minor, Egypt, Algeria. There are two varieties of the poppy 
^Ibum^ D.C„ with white seeds, and Papaver nigruml f 

Levant seeds are white, grey, blue, or red^ India^sO^^^ 
;|ilmoet^ always white. 


/jwmotre always wmw. . . ' •'/. ■ n 

5 iGoiatpressed poppX. 8 eejl ofl has a mil,d, ideasant 
.^anihiAifv ! ibA 'hroWtl 



taslOi afd Hs 9men recallf 
^ii ofHhe first pressure is mueh usel as an sdibl^ 
as |t is<-'--^me persons preifer it to olivj oil owing to Hs neul^xiiit' 
or Sb admixture with olive oil. It is also used in pbarmaciyr 



^ ) fi^paration of emulsions. Second pftssed oils are of a more 

' Or leWdark brown colour, which hardly allows of their being utilised ^ 
^bfe oils* ^ However, it is possible by appropriate treatment tO 
ipve them the yellow colour of first pressure oils. Germany imported, cl 
^ prior to the war, 30,000 tons of poppy-seed ; her own production, it ^ 

. wj^ acknbwledged, did not equal one-tenth of that amount. 



^he white poppy yields the best oil, and is the seed used for 
medicinal purposes. The black poppy is the variety most extensively 
cultivated, a& an oil producer being the most profitable. The yield of 
fatty 'oil has been said to be about the same in both varieties, viz. 
' about 60 per cent. According to Sacc the poppy-seed contains 


TABLE SHOWING THE PERCKNTA(JE COMPOSITION OF POPPY- 
^SKED. (SACC.) 


Oil . 

Proteizi . ^ 
Alhumenoids 
O^luloso . 

C Ash . 


fVr Cunt. 
54*01 
. 2a-26 
. 12*00 
0*00 
, 2to8 


TABLE SHOWING THE PERCENTAGE COMPOSITION OF POPPY- 
V X SEED. (LEATHER.) 




^oi^re 

Oil 


AJhtoenoid nitrcgeu 

f' . ' 



I ' 




Per Cent. : 
. 2 * 67 ‘ 

^ . 2*84^ 

. 4*00 

. 48*96 
. 2*97 

. ■^47*<)0' 

- -Mm 


;^4i0 THB-MANmOTimB pl^ :VAl«!iri8»ES. < 

Tb& coi|imercial yield of the seed when crushed oscillates between 
^^36 and 40 ]^r cent., and according to Renard between 87 and 39 per 
cent, in the oil-crushing ^mills of Northern France. The oil it filtered^ 

, before marketing. Poppy-seed does not contain morphine as alleged. 

Extraction . — The jfoppy heads are opened after being pat^ially 
dried, and their contents discharged on to an iron plate; they are 
then winnowed to remove fragments of the capsule, and afterwards 
ground to meal, which is packed in hags miule of canvas and pressed, 
the oil being caught in tubs, where it is left to settle and thoroughly 
clarify. Two kinds of oil are on the French market* : 1. The white 
salad oil, the oil from the first pressing of the best quality seeds. 
This very superior oil is also used in the manufacture of very high- 
class paints, such aS are used by artists. This oil is almost colourless, 
or of a very pale golden-yellow. 2. The second quality of poppy-seed 
oil is used as au edible oil, in paint, and for other technical purposes 
it is the result of the second cold pressing. Ijikewise it is the result 
of pressing inferior seed. 3. By hot pressing a much inferior oil 
is got, only fit for soap-making. Poppy-seed oil is sometimes ob- 
'tained by heating the seed, and mixing the products of two successive 
pressings. In fndii the first pressing is done cold and the second 
pressing is done hot, so that expressed oil is intended in India for use 
in industry', rather than as an edible oil. 

French Poppy 0<7.s‘.— There are two chiff classes of poppy oil used 
in France, that made from home-grown seed being termed oeillette, 
whilst that from imported s'led is known as pavot. As the foimer is 
the more expensive, it is desirable to be able to differentiate between 
them ; and for this purpose Vuaflart gives the following : Density, 
oeillette oil, 0*924 to 0*960, pavot oil, 0*923; iodine value, 133*1, 
132*3 ; saponification value, 192, 195 ; oleorefractometer index, 
26*6, 25*3 ; butyrorefractometer index at 25" C. 72*5 to 73, 71*5 to 72. . 
There is a slight difference in flavour, the oeillette oil producing the 
impression of greater viscosity, though this is not borne out by the 
viscometer test. The greater thickness, ♦however, is manifested by * 
the capacity of forming a persistent froth when agitated, the fine air 
bubbles remaining imprisoned in the oil and rendering it opaque ; 
whereas pavot oil under the same treatment remafns clear and the 
air bubbles are larger. Frothing also occurs when air is blown 
through oeillette oil, but not with pavot oil. Oeillettq, oil, also, has 
a fine yellow colour, darker than that of pavot oil. The two may be * 
ecjualiaed in this respect by treating the latter with a neutral chromate ' 
of potash and a trace of fuchsin. The artificial colouringj however, 
may be detected by the red coloration given with hydrochloric acid;e, 
i|pd it is evident that a sample responding to this test, whilst re- 
sembling oeillette oil in colour, must be pavot oil, provided it ex- - 
hibits the characteristics common to both. ^ 

The Dicing Properties of Poppy-md Off.-— Looking to'^its fino* 
^(i4i3iio acid oontent, the rate of drying of poppy-seed oil is^not Sd;i«pid 
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as btte would wish. It takes 6 to 8 days to dry. Cloe« (ouhd in his 
okidation experiments with thick films that the oxygen ahftorptfon of 
poppy-8<ed oil was the same as that of linseed oil, viz. 7 0 per cent. 
Mulder obtained a higher absorption than this for linseed oil. During 
his experiments on the plate, he reduced the li\lckness of the coating 
to 15 mg. per sq. cm. and the weight of the ini\er half increased 12*2 
per cent, in 30 days. With two experiments in direct sunlight, with 
films of 3'2 to 4*2 mg. per sq. cm., he only found 4*3 and 7*6 per 
cent., and these were maximum figures as there was no increase from 
the 3rd to the ?5th day. The oxygen absorption of poppy-seed oil is 
naturally smaller than that of linseed oil. Weger found 13*4 in 6^ 
days. J. Petroff made some experiments on the drying of poppy- 
seed boiled oil. lie dissolved 2 per cent, respectively of (a) man- 
ganese rosinate and (b) manganese linoleate, in one experiment in 
the raw poppy-seed oil, and in the other, in poppy-seed oil blown for 
a long time between 200" and 250' ('. (302" to 482" F.), so as to obtain 
a very thick oil. Tit found the oils took the following times to 


dry 

• Haw poppvaeed oil H days 

,, ,, ,, witlj 2 per c-eiit. MiiH . . . 25 hourn 

„ „ •„ „ 2 Mill. . . .34 „ 

Blown poppy-syod oil, with 2 per cent. MiiR . . .34 ,, 

„ M M „ Mill, . . .31 „ 


The thickness of the film was 3 mg. per s(|. cm., so the time of 
drying»was unduly long. 

The phenomena incidental to autoxidation are not nearly bo 
strongly in evidence in th(». case of poppy-seed oil as in the case of 
linseed oil. This is borne out l)y the elementary composition of 
poppy-seed dil, given in the special literature on the subject. 



Aiitlmi . 

' ('arlion, 

ll>tlr(,gcn. 

Ox>mtn, 


j H*M (Vlit. 

]«T Out. 

per Ceut. 

Sacc . 



ll-(i 1 

U*ft 

Lefort 


. • 77-2 

IM 

11-4 

Cloe?: 


77-5 

111 , 

11*1 

j Mulder . 

• 

7r.i; 

11-2 

12'2 




1 



^ Completely tlry poppy-seed oil cedes to ether about 20 per cent., 
dried linseed oil 27*5 to 28*6 per cent., from which Mulder inferred 
tha^ poppj^-seed oil contained more oleic acid, but this does not agree 
,witb his sub-sequent calculatiorui, where he only estimates the oleic 
acid as 8 per cent, of the dried portion of poppy-seed oil which he 
identified with linoxin. , ^ 

^ Hazura and Prussner obtained from 100 grammes of fluid pa- 
pa vfric jacid 8*5 grammes of dioxystearic acid, 18*5 grammes of • 
salivic acid, 6*3 gramme of Unuaic and isoUnusic acid. However, 
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iiBLB SHOWING UkrS toCEN!I*AaE COMPOSltjON Jpff 

' ' _ SATURATED PATTY ACIDS OP POPPY-S^D Olt. , * 

/ . . ' * ;, , Pw Cent 

^ Oleic ftcid . .» * . 3(HiP 

Linoleic acid ^ GS'Cip > 

“ Tiiiolenic acid .... . . ' . ; . 8-06 

lOO'OO 

It 

All the above data requires conftrmation, as well as dolman 
Munson’s figures. Lately, some light has been thrown on the 
linolenio acid content of poppy-seed oil and linseed oil as established 
by Mulder by the fact which has been definitely established, viz. 
that poppy-seed oil has no hexabromide value. 

Behavmir of Poppy-seed Oil on Storing with Access of i»f.— : 
Sherman and Falk exposed poppy-seed oil to th,e air in an open 
vessel protected from dust, and frequently shaken for several months. 
The following alteration in the constants took place : — * 


TABLE SHOWING THE ALTERATION IN THE CHEMICAL AND 
“ PHYSICAL CONSTANTS OF POPPY-SEED OIL AFTER EXPOSURE 
TO AIR IN BULK. 


I 


f/ loT)^ C. 1 Afiii Value, i Tbdili Value. 


Beginning 
End . 




0-930 


5*5 


125-3 
117-1 ' 


^ The differences between the autoxidation, as shown by the specific 
gravity^ and the iodine value of the oxidised substance are abnoi^ally 
small; ^ 

2 Poppy-seed oil is stated by various authorities to become Vcty 
rancid. According to Utz, however, it becomes less rancid 
eesame oil, and that, he asserts, is the reason that d^l crushers regr^ 
j|iarly mix sesame oil with poppy-seed. Moreover, poppy-seed o^is 
.^id'to split up into fatty acid and glycerine very readily, 
longer found in expressed edible poppy-seed oil up to 6’6 ] ^ 


Undin expressed technical oil up to 18-8 per cent.; inpopjbl 
^hahes, 8;7 to 6*8 per cent, of oil was found with an aoi^: vft 
;:$6 to 140 4. Without doubt these poppy-seed cakes had 5 , 

■ intorn^ autoxidation." ^ 

Pojajpy-se^ pil is often spoiled by sesame oih 
senee of which be due to the tact that 
ed in oil milliwluqh are orushingvCe^W^se^at'^ 



ietini^ th| presence of U^^neousioils |s 




'The tot. effort iihoujd be, to detect any 
Vhieh mi^t Veact on thb raag^nte to be to detM 
oill by ooloured reactions, and mor^ partionlafly on those 
' rfjBeeanie^pil. In the absence of such artificial colours or after t^f 
;;d|raination^ cotton-seed and sestime oils are detected by the usual 
^me^dds, i.e. by the Bellier and Yillavecchia tests, after preyiOUa 
inn^oaiion as advised by Marcelle and by Tocher for jsesame oil, 
Halphen's test lor cotton and earth-nut by the detection, and if need be^ 
the estimation, of arachidic acid. But some circumspection must ba 
brought to bear in the detection of sesame oil. The first signs shoidd 
be controlled by the use in succession of the different coloured re* 
actions of sesame oil. The detection of sesame oil based on the 
determination of the iodine value is quite illusory. In the preoed* 
jng tables it will be seen that the iodine value of these oils varies 
between 131 and 140,*with an average of 136, say a difference of T 
units. The iodine value of sesame oil being 105 the substitution of 
100^ would produce a lowering of 31 units, say 0 31 for 1 per cent of 
;8esame oil. It follows that in adding to a poppy oil, the iodine value 
ot, which is 140, 25 per cent, of oil of sesame, its iodine value would 
be lowered to the normal figure of 133. Consequently a fraud of 25 
per cent, would escape the analyst. The detection of cotton-seed oil 
j^resent^ no difficulty, an*d the examination for earth-nut by the 
presenipe of arachidic acid is simplified by the fact that tests on 
poppy-»eeed oil give no arachidic acid. Linseed oil may be detect^, 
by the method given under walnut oil. Poppy-seed oil yields no.< 
insoluble derivatives. 

Pop^y-seed oil obtains amongst its solid fatty acids both stearic 
and "palmitic acid, and according to Mulder both lauric and myristio^-^ 
acids. So as to prepare the solid fatty acids, Mulder kept the; 
alcoholic solution of the saturated fatty acids for a long time in the 
cold of winter, and found 13'7 per cent, separated out. On varibut^ 
grounds Mulder regarded ftiis figure as far too low, and estimated the 
iKtturated fatty acids at 20 per cent. On fractional crystallisation^ 
Of the splid fatiy acids from alcohol, myristic acid, Cj^H^gOjj, witb 
%mejl.ting<rpoint of 63‘2* C,, is isolated, and lauric acid, witfcy 

4^olting‘point of 46"^ C. Stearic acid is not found, but a smalP 
raouht of p&lmitio acid, with a melting-point of 62'’ C., is obtained 
time. At the presedt time it is believed that all ^thtif 
tttllp^d fatty acids consist of palmitic acid, and that it is present Ip 
^toextent of 6*7 pCr cent, as determined by Tolman and Mtin80tt,{|^ 
the Iodine values of the salts soluble in ether, and insoluble 
; yiiifd ^payeric acid behaves^ according to Mulder, 
lurb of oleic and linbleic acids, but unlike Ilnoleic acld/1|| 
1 in the^ir, The,d^ distillation resujtsof i^pp|f|| 
tho^e of linsped oib.and the distillation, resiliif| 
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did not iflamain a thin fluid like the anhydride of linoleic Aoid. Lead 
papaferate diffused through ether, and when oxidised did not become 
red like lead linoxate such gave on analysis strong indioations of 
containing much less oxygen. Mulder explained that this was due 
to its containing raucht basic lead linoxate, whilst only the basic lead 
linoleate is soluble in ether. 

Kakusin gives the flash-point of poppy-seed oil as 250'’ C. (482" F). 
Some sorts of poppy-seed oil are optically inactive whilst others are 
slightly dextro-rotary, up to + 0*17'. Crossley and Le Soeur have 
given + 4", whilst Utx gives pure poppy-seed oil as optically inactive. 
Several authorities found iodine values between 130 and 140. 
Higher values of 140 to 160 were found by Utz, who asserts that the 
poppy-seed oil on the market contains as much as 40 per cent, of 
sesame oil. Utz extracted Indian, Levantine, and German poppy- 
seed with petroleum ether, and found the iodine values of the oils so 
obtained to be 153*5, 157*5, and 156*9. Later on, he found two 
commercial oils which only gave a slight ^nesame reaction, with 
iodine values between 150*6 and 151*6. Tolman and Munson for oil 
cold pressed from pure i)Oppy-seed found iodine values of 133*2 and 
184*9. For the inner iodine value they found 15J*7, whilst Toutelli 
and Ruggeri found 149*6. As sesame oil has only an iodine value of 
103 to 112, it naturally lowers that of poppy-seed oil. Moreover, 
the refraction is also lowered. Poppy-seed oil has a refraction of 
78*1 to 78*4, whilst sesame oil is only 73 at 15" C. Finally, sesame 
oil is optically active. ^ 

The following table is due to Vuaflard, from which he concludes 
that poppy-seed oil, pavot, and oeillette are about siniilar: — 


TABLE SHOWING THE CONSTANTS OF OEILLETTE AND PAVOT 
OILS. (VUAFLAKD.) 



OeilU'tte. 

Poi)l»y-rtee<l, 

Pavot. 


112 

I 

2 

Deusity at 15'^’ C* 

. ! 0-!12r> 0-1) J4 , 

‘ 

, 0-92.8 

0-923 

Iodine value 

. i 138-1 — 1 

182-8 


Saponification value 

192 — I 

191-5 

— 

Oleorefractonaeter degree 

. ; 20*0 - j 

1 ! 

25'3 

— 


, By applying Bellier and Villavecchia’s reagents to the samples 
of poppy -seed oil, the chief “ constants of which are given,” j^yer 
> remarks: “From experiments und^;*taken by himself in ®extraotin^ 

, Indian poppy-^ed and indigenous poppy-seed it follows that in no base 
dB the products so prepared respond to the reactions of sesame oil with , 
\ Bellier and Villavecchia’s reagent. The same was the ease with oils 
extracted by the hydraulic press. However, oil extracted from lodiad 
seed >delded. with Bellier’s reaction a very weak inreen cflloration. 
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Those oils, responding to the sesame oil reaction, all cafne fron^oil mills 
which were omshing sesame, or pavot, at the same time, i>?hich may 
l^td one^to suppose that these samples werd not perfectly pure. If 
we admit that this phenomenon is due to these oils containing a trace 
of sesame oil owing to the two seeds bein^.^ crushed in oil mills 
crushing both seeds simultaneously, then the same reaction ought to 
occur with first crushed oil from the same cfil mills. Now the latter 
do not give any coloration. A decision on this point may, therefore, 
be suspended.” Royer also found that Bellier’s green colora- 
tion is only gi^n by Indian oils, second crushed country oeillette 
oils do not generally respond, and moreover, purified oils respond far 
more readily to the test. “ The tendency to yield the gmen coloration 
in oils loaded with impurities is masked by others.” This explana- 
tion, if primt facU^ satisfactory, does not show why first crushed oils, 
only slightly charged with impurities, do not give the green colour. 
Royer sums up his examination thus : Of the twenty-four samples 
of oil examined, ten responded to Bellier s test by giving a. more or less 
accentuated but very decided green coloration, five gave a greenish- 
yellow coloration, seven a yellow or orange coloration, and two anon- 
descript colour. If these two he calculaknl as giving a green colora- 
tion on refining, w« get a total of twelve samples, 50 per cent., 
responding to the sesame oil test, 20 per cent, doubtful, and 30 per 
cent, behaving normally with Villavecchia’s and Fahris’ reaction. 
Sixteen samples, say 66 per cent., gave a rose or retl reaction. Thus 
the use of Bellier’s reagent to detect sesame oil stiems more reliable 
than tflat of Villavccchia and Fahris. It cannot fail to be observed 
that out of fourteen samjfies of indigenous oils, eight did not in any 
way respond to either of these reagents or gave a weak response to 
the Villavccchia and Fahris test, but unconfirmed by Bellier's reagent 
(No. 1), or conversely the mort^ decided re.sponse to this test as 
regards 4 and 5 is decidedly not confirmed by the Bellier test. 
There are, therefore, eleven oils which present themselves normally, 
or almost normal, as of the. two exceptions one oil is a chemically 
treated oil No. 1, one the «fliomaly of which is indicated by a brown 
coloration, with the Bellier test No. 2, another purified by a secret 
prckjess, all of wj^ich leads to the belief that these tests may he utilised 
for the examination of country oeillette oil. 

, , POPPY-SEED OIL. FATTY ACIDS. 


1 

• 

Bene<likt 
atid I'lzer. 

D«* 

and FaliTiK. 

Hiihl. 

Thor JUT. 

< 

• 




Melting-point, ° C; . 

— 

20-21 

20'6 

20-fl , 

'^Solidification-point. 

— 

— 

10-5 

. 16 *5 p 

Saponification value 

— 

— 

— 

'1P9 ' 

Mean molecular weight . 

279'1 

— 

— 

— 

'todkie value .... 

— 

189 

— 

116-3 

Acetyl •„ . . . 

' — ..jT... 

131 

— 

i 

— 









ic 







* % 


fj. /i, 


i. 


Dmrit* "j 
. 15^C. 1 

! 

Kefraotion 
At 26® C. 

Iodine 

VaUie.' 

i BelUer’ij 

j Colour of the 
j Acldi 

1 Reacticd ' 

1 i Colour 

I of the OU. 

i VUtaveobhia 
•ndFabri/i* 


1 

i 

mu 1 

72-0 

182-9 

1 

! Yellowish-white 

Violet 

i Ko8« 1 


% 

0*9258 

71-7 

! 1350 

Greeu 

1 Dark brown 

Bed 


8 

0.5l24 

72*3 1 

i 185-3 


1 Violet 

>1 ' ' ' 


E 

.0*9248 

72-8 

! 186-1 

*» 1 

1 




i 0*928 

: 72-3 

[ 134-1 

Pale green ! 

! Brown 

Hose' 


0 

0*9257 

1 72*6 

1 187-2 

. Greeuisih -yellow ; 

Salmon 


p 

0-9257 ! 

I 72-1 

1 137-2 

J Yellow 

! Violet 

Colourless .. 


4 

0-9289 i 

i 72-3 

i 132-1 

' », 

! 

{V, 


fi' 

0-9242 

! 72-0 

136-7 

! Cireenish yellow 

i 

Bed * , 


6 

0-9249 ' 

1 72-7 

137 'H 

’ Greenish -white 

! 

Colourless j 


7 

0-9246 

1 72-8 

138-5 

! Yellow 

! 



8 ^ 

0-9240 

i 72-5 

136-8 

Orange 

! * 



A 

0*9250 

72-3 

135-2- 

1 (rreenish -yellow 

1 M 

If 


B 

0-9246 

72-6 

• 186-0 




C 

0-9244 

72-5 

135-0 

, Pale green 


Rose 


D 

0-9248 i 

- 72-3 

134-9 

1 ,, 




L‘ 

0-9240 

72-4 

136-3 





‘•M ' 

0-9260 ! 

71-2 

1-29-8 

i 

1 ? 

Bed 



0-9239 • 

72-4 • 

185-8 

i Greenish-yellow 

1 Violet 

Rose 

/f: 

rio 

p-924 

72-2 

134-2 

1 Pale green 

I 



u 

.0-924 

72-4 

135-5 

1 Green 


i 


•12 

0-9241 

71-4 

134-9 



Red '*)!■ 


18 

.0-^42 

1 72-5 

135*6 

1 Palo green 


ti 


44 

0-^46 

• 

1 ‘71-5. 

133-5 


i ™ 

II 


Satnples Nos. 1 to G are Du Nord oeillette (1 cold pressed, % hot presied, 
$ hot pressed/ and refined). E, First pressure cold. K, Second pressure hpt, 
* Country pure Cassel. P, Ditto. 4, Cannes. 5, Marseilles. 6, Countrji 
’ Wu^tte seed. ‘ 7, Country oeillette, the two pressures mixod. 8, Countrj 
<^U^te seed. B, Ditto. C, Exotic oeillette. D, Ditto. L, oeillette, flrsl 
puressed Levant. M, Second pressed Levant. G, Oeillette exotic, first preeeed 
Indian. 10, Second pressed, ditto, Indian poppy. 

t . 

Pumpkin-seed Oil . — Tlte decorticated seeds of Cucurbita pepo 
yield by exprcBsion or extraction "by solvents an oil — pumpkin^seed 
oil— which is e|ten8ively used as an edible oil (tanking next ^ 
;^Uve oil); it is also used as an illuminant. The ethej*extracted 
as a vermifuge. The cold-expressed oil is brownisll* 
viscous, the extracted oil is redder. According to Po4a 
in the cold is the general process of manufacture, 
states that most of the oil on the market is extracted | 
wd thait the expressed oil is more rare on the market an 
eiably higiier in> price. , &rahahi attributes to the diffe|hhl 
to obtain the oil the v^iations in the chemical a|9l 
of different, samples of the oil. The oU is fre^j 
carbon disulphide* and iti twehty times its vofhfiC€ 
al^oX Ilis ^hdawed with appreciable drying 
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ExfK»e4 to the air for a time it forms a transparent yellowish ma^. 
;lt8 viscos^y is high but not so high as olive oil. With the elai^ih 
test it thickens slightly ir. 24 to 28 hours, becoming dark reddish-brown. 
Poda determined the index of refraction of fourteen samp&s of the . 
oil. His readings varied from 70 to 72*5. 

Senat Seeds.-^-A dumber of samples of the seeds of Cucurbita 
Melo, var. agrestis, were received from the Sudan. The forms of this 
plant represented in the present series included those known locally 
as “ Senat,” “ Hameid,” “ Fagus,” and “ Tibish The seeds yielded 
from 29'5 to 36’5 per cent, of a pale yellow liquid oil, which was free from 
smell and taste and would be suitable for edible purposes. These 
seeds are stated to be fairly abundant in the Sudan and a small ex- * 
port trade in them has already been developed. 

Pumpkin seeds consist on the average of 76^ per cent, kernel 
and 23^ per cent, shell. The shell is yellowish, and the kernel is 
covered with a green skin. Tne whole seed gives on extraction about 
37 per cent, of oil, the kernel alone about 48 per cent. In getting 
the oil by hot pressing about 10 per cent, of ^ remains in the press- 
cakes. The oil has a reddish-green colour and is very difficult to 
bleach. Sulphuric and sulphurous acids, as well as chlorine. and 
ozone, had practically no effect upon the colour, which can, however, 
be reduced to a pale yellow by repeated treatment with caustic soda 
lye, although with considerable loss by saponification. The books 
give the percentage of oil at 20 to 25 per cent. only. The figures 
come, however, from Hungary, where the oil is extracted in a very 
wasteful and primitive manner. 

Graham’s estimate that the seeds of the ^uimpkin c-ontain 25 per 
' cent, of oil is inaccurate. Dr. Strauss obtained 37 per cent, from 
the whole seed, and 47 per cent, from the husked seed, by the 
extraction process. Pressure, of course, gives less. After one press- 
ing at 80'’ to 90° C., 10 to 11 per cent, of the 37 per cent, remahis 
in the cake. The oil has a deep reddish-green colour, and is very 
difficult to bleach. Caustic soda is the only substance that lessens 
the colour much, and it causes a good derl of loss by saponification.* 
The oil extracted by ether gave an iodine number of 120*5, while that 
got by means of benzole or petroleum ether had an iodine number 

varying from 116'5 to 117*2. < ^ 

Grimm (C.) gives the following constants : specific gravity at 16 
C„ 0*9286; solidification-point, - 8° to - 10° C.; refractive index at ‘ 
15° C., 1*4805 ; acid value, 1*24 ; saponification value, 194*8 ; iodine 
value, 134*8 ; insoluble fatty acids, 94*8 per cent. 6 

' EoUnia Oil (the so-called white acacia oil of the latq^ Dr. Lew- 
’kowitsch, the Weiss Akazienol of the Germans) is not the product oi 
9 ^ acacia tree at all but of the Robinia pseudo acacia, a plant belong- 
^ ing to the Jasmine family, but which the late Dr. Levvkowitsch oon- 
. fused with the yellow acacia, a true acacia, Caragmm arboremr^’i 
belonging to the family of Legumenos, q.v. The author of thj^ ^Wtisb , 
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cannot understand how palpable bungles like these can be perpetuated 
4n Bk twentieth-century work pifblished in England, seeing that the 
Bobinia has been an ornamental tree grown in the demesnes of nol^- 
men and gentlemen in England for a couple of centuries at least. A- 
^ery excellent monograph on the Bobinia of over 400 pages was eom- 
pil^as fer back as about 1820, from which it appears that the Bobinia 
VOL. I. ' 29 ' 
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affords an excellent timber. It is most reprehensible that those in- 
terested in f drying oils should have the false idea conveyed to them 
that this so-called white® acacia, whose distribution is wor|d-wide, 
should have its habitat so erroneously confined to South Russia. 

Wild Safflower-seed OiL—Fiom this title it will be at once 
seen that there is a cultivated variety of safflower, the seed of which 
also yields oil, but that oil is described separately (pp. 461-453). Wild 
safflower-seed is the product of the Gafthartvus oxycantha, a native of 
arid tracts of land in North India. Let it be well understood that it 
has nothing to do with saffron (Crocus Sativus). Jt is especially 
abundant in Peshawar, where the spinose clumps are an objectionable 
feature of the grassy tracts. Where the plant is fairly abundant the 
seeds (fruits) are collected for their oil, which is the chief ingredient 
in Afridi waxcloth. Crossley and Le Soeur examined a sample of 

this oil, -yi- = 0'927 ; acid value, 3-66 ; Hohner value, 95-44 ; 

15*0 0 . 

saponification value, 189*4 ; iodine value, 135*49 ; refractive index at 
40° C., 68*2. Wild safflower-seed oil is extracted from the Carthamus 
oxycantha by a cold process. It is then run into earthen vessels 
and “boiled'* continuously for 12 hours. The vessels in which ‘the 
oil is boiled are so fixed that a flame cannot reach the boiling oil, 
and the temperature is kept low and well regulated so as to maintain 
a uniform heat. After a certain time it begins to emit volumes of 
white pungent vapour, so that wild safflower oil boilers have to con- 
duct their business under a special licence far remote from human 
habitations. When the oil has been “ boiled " to a sufficient extent 
the still hot oil is run into large shallow trays containing water ; it 
swells up into a jelly-like substance, the roghan of North India, which 
is packed in tin cans for despatch to the manufacturers of Afridi wax- 
. cloth. 

The Manufacture of Afridi Waxcloth— In this industry the paint 
is not applied by a brush but by an iron style. The deftness, rapidity, 
and accuracy with which the pattern is elaborated from threads of 
plastic-coloured roghan must be seen to bv. appreciated. The skilled 
craftsman works from left to right or right to left with equal ease and 
freedom, and, as in handwriting, the thick down strokes and the fine 
hair up strokes each keep their own place in the elaboration of the 
pattern covering the fabric. When two or more colours are given 
the craftsman generally applies all the patches or lines of one colour 
before the second or third. The half-finished table-cloth or fire-scjreen 
may thus appear bewildering, as it may be impossible to discover^the 
actual pattern in the mind of the craftsman. In Baroda castor oil, 
and in Kach linseed oil are used td make the roghan used in the 
m^inufacture of oilcloth in these localities. Tests made in the Cal- 
cutta Industrial Museum showed that wild safflower oil possesses 
no special advantages over the oil from the cultivated safflower 
‘ India exports the jute textiles used in the linoleum, and Si^j, George 
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, Watt urges the importance of India making her own waterproofs, 
linoleum, and waxcloth, and ceasing to pa;y tribute to tfie waxcloth 
and linoleum manufacturers of Europe, who noW supply India with 
the bulk of these products made with raw materials imported from 
India. • 

Cultivated Safflou'er-need OiL^ — This oil is derived from the seeds 
of the cultivated safflower Carthamns tinctoria, a plant which is 
cultivated, more or less, all over India, 
sometimes for dyeing purposes, some- 
times for oil producing. Many points 
as regards its cultivation are highly 
interesting, but to enter the domain of 
Indian agriculture would carry us too 
far. So also all reference to the use 
of certain parts of the plant for dyeing 
purposes and for the manufacture of 
lakes must he rigidly excluded. The 
seed is very small, 100 of them only 
weighing J to :!• oz., and it is covered 
with a thick husk. The seeds from the 
dye-yielding plant *are collected and 
form an additional income. However, 
in some provinces, espeicially Bombay, 
an oil-fjeed crop is specially grown. 

** Safllgwer,” according to Mollison, “ is 
the most important oil-seed crop in the 
Bombay Presidency. The area is usu- 
ally from 500,000 to 600,000 acres annu- 
ally. The cliief centres of cultivation 
are in the black rabi lands of Ahmcdnagar, Poona, Satara, BijApur 
Dharwar, and Belgaum. It is subordinate to the crops with which 
it is associated, such as jiur, wheat, or grain. It therefore partici- 
pates in the general cultivation given to these crops. Usually, 
three consecutive rows of^ safllower alternate with 9, 16, or 21 of 
the principal crop.” In the Central Provinces the area of special 
oil cultivation his recently been greatly curtailed, so that the Deccan 
production may be accepted as alone of importance, though the oil 
• of the dye crop must not be entirely ignored. Not only are there 
two distinct sdufees of the oil, but there are also two quite different 
methods of extraction. (1) The seeds are cold pressed, either before 
or 4fter being decorticated. The yield is said to average 20 to 
30 per ceflt., but both the quality of the oil and the value of the 
cake depend on the seed being decorticated. The cold-drawn ml 
has a clear straw- yellow colour of specific gravity 0*9224 at 16® v. 

' Ij«wkowitsch gives saffron oil as a synonym for this oil, a most misleading 
limni^*fcada True safflower is occasionally termed bastard saffron^ but that mis- 
leads no one. * * 
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It possessSBs pronounced drying properties, readily saponifies with 
alkalies forifting a fairly pood soap, and the free fatty acids have 
some of the charact^istics of the linoleic acid obtained from linseed. 
The oilcake retains 11*65 per cent, of the natural oil, and is not con- 
taminated with earthy inipurity. The nitrogen amounts to 3*19 per 
cent, which is equivalent to 19*94 per cent, of albumenoids. It is an 
oil extensively used for culinary purposes, and to adulterate ghi or 
^ til. Moreover, safflower earth-nut and till are mixed, and the different 
seeds so mixed together crushed. The oil which exudes from this 
mixture forms the sweet oil of Bombay. Inferior grades of cold- 
crushed oil are used for illumination. 

Hot Expressed Safflower-seed Oil . — The second method of ex- 
tracting safflower-seed oil is a hot dry extraction, or rather a crude 
downward distillation. The seeds are placed within an earthen pot 
and this is inverted over the mouth of a similar pot placed. within the 
ground, the two pots being separated by a perforated plate. Over 
and above the inverted pot is piled some fuel, and on this being 
ignited the seeds are partly roasted. The oil in consequence drains 
from them, and accumulates in the lower or submerged pot. The 
yield of oil in the hot extraction process is about 25 per cent, (greater 
than in the cold), but is useless both for burning purposes and for 
food. It has, in fact, acquired a new property, being converted into 
a substance, very serviceable for greasing well ropes, leather well 
buckets, purposes for which the cold-draWn oil is quite unsuited. 
In other words, the oil has been converted into whefl is known as 
roghan, a substance used to prevent leather from hardening on its 
being exposed to the action of water, or of a damp atmosphere. The 
oil would appear to be converted into an analogue of sod oil, the so- 
called degras. 


SAFFLOWER-SEED OIL. TABLE OF CONSTANTS. 



Tem- 

pera- 

ture. 

Deusity. 

Hehner 

Value. 

Sapouiftca- 
tion ' 
Value. 

Reichert- 

Meiszl 

Value. 

Iodine Value. 

Refractive 

Index. 

Acd^s 

16° 0. 

,0*9246.0*928 

95*4 

186*6-194 


127*9-149*9 

1*477 at 

Orossley and Le 
Soeur . 

Iff c. 

0-9251-0-928 

95*3 

186*6-192*5 


1^9*8-149*9 

16° 0. 
65*2 c 
Zeiss, 

D'oiiea 

20° C. 

0*9227 


194-194*8 

_ 

143-144*5 

Butyro 

refracto- 

Shukoff . 







195*4 

— 

141*6 

• meter 

Tylalkold . 

0° c. 

0*984-6 

— 

172 (?)-194 

0*69-0*88 

126^180 

at 40°!O, 

II • • 

<1 

16*5°C. 

0-916-0-925 

i 

—— 

— - , 



] 


The insoluble fatty acids according to And^s amounted to 96*4 
per cent, with the following constants : — 
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CONSTANTS OP PATTY ACIDS OP SAPPLOWER-SEED, OIL. 

Specific gravity at 16® 0 0j{)316 • 

Melting-point • • • 16** 0. to 16*6® C. 

Neutralisation value • . . 

lofiine value ........ 182'5 to 148*2 

Oil 0 / Soja Hispida (Soja Bean).— Th(M Soja Ilispida is a her- 
baceous plant of the Legumimsete, indigenous to China and Japan, 
where the seeds are highly valued as an edible food. The seeds con- 
tain a large quantity of fermentable sugar, also a ferment similar in 
its properties to diastase ; the oil, present in the proj)ortion of 14 to 
18 per cent., ban be extracted by pressure or by means of ether ; it 
possesses laxative properties, a yellowish-brown colour, and a slight 
aromatic odour. It readily solidifies, and is intermediate between 
the drying and non-drying oils. The following pro])ertiea are given, 
which are confirmatory of those obtained by Stingl and Morawski 
(Chem. ZeiL, 1880, 140) :~ 

Specific gravity at 15® ». 

Point of Bolidificflgioii fatty acids 
,, ,, fusion 

„ „ solidification 

• Temperature rise . 

Iodine number ^ 

„ „ of fatty acids . 

Saponification number . 

The oil gives with Hauchecorne's reagent a dirty white coloration 
in the ^old, but deep orange when heated ; with Brulle’s reagent a 
deep grange, But no coloration with Bechi’s reagent. 

Chinese Bean Oil. — The technical literature of the early years of 
the present decade, when linseed oil was nearly as dear as during 
the present war, was flooded with all sorts of extravagant assertions 
as to the value of the Chinese bean oil as a drying oil. Some of 
these absurd notions — they cannot be regarded as serious proposi- 
tions-— did not stop short at recommending Chinese bean oil as a 
substitute for linseed oil. The former was alleged by men of “ light 
.and leading ” to be a far superior drying oil to the latter, and this 
technical untruth was followed up by a propaganda, the object of 
which was ostensibly to depreciate the long-established good qualities^ 
And virtues of Ainseed oil as a drying oil, and to magnify in the most 
grotesque manner possible those of the Chinese bean oil. Linseed 
oil as a drying oil did not have a single good point I Although oiled 
silk and oilstiA garments had been worn long beyond the memory of 
man, a linseed oil film was not waterproof ; and if fishing-net buoys 
haft for years borne the heavy deadweight of fishing nets loaded 
with tackle weighing many toi^s, and a catch of fish often weighing 
tons if not hundreds of tons without additional submersion, thus 
proving that linseed oil not only gives a waterproof, but an airproof^ 
film when made into paint — all that counted as nothing. 

^ tChinese bean'oil cannot be in any sense of the word a drying oil. • 
Jdeverrteless the iodine values of Chinese bean oil flatly contradict 


H® to 15® 
27® to 29’ 
28® to 26® 
69® 

121*8 

122 

192*5 
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its respon/iing to the elaidin test, which is too often performed in the 
most slip-sljod manner conceivable. 

Bean Oil, Chinese Mode of Preparation . — According to Koreutchefif 
and Zimmernlen, an an'&lyst and pharmacist attached to a Russian 
hospital during the Russo-Chinese war, the first process consists in 
crushing the beans info cake or a mass with the destruction of 
their skins. A large grindstone lies upon the ground, and upon it 
another but smaller grindstone turns on its axis, the motive power 
being the usual ox traction. In front of the smaller stone an ap- 
paratus is fitted holding a basket, out of which the beans are poured 
under the small millstone. And behind the same millstone another 
apparatus is fixed which directs the beans pressed by it into the 
centre of the larger millstone. 

In the second process the beans that have been crushed are heated 
in cloths over a stone plate until they begin to steam. The heated 
bean cake is then gathered on to iron discs, over which it is subjected 
to a very heavy pressure. The expressed oil flows into circular 
grooves that go round the frame of the press, whence it passes into 
vessels prepared for it. 

Without further manipulation the oil so expressed is often sold 
from the factories. Just, however, after it has been expressed it has a 
cloudy appearance. But, if allowed to stand, the impurity will 
settle, and a sediment will form at the bottom, leaving a fine clear 

TABLE SHOWING THE CHEMICAL AND PHYSICAL CONSTANTS OP 
FOUR DIFFERENT SAMPLES OF CHINESE BE/N OIL.' 



Samples. 


1 

2 

3 

4 

1. Colour 


All dark 

brown 


2. Consistency .... 


All 

fluid 


8. Smell, growing stronger with 

Insigni- 




heating, resembles wood oil . 

ficantly 

Notably 

V 

Slightly 

Slightly 

.4. Taste recalls that of other 




vegetable oils 

— 


_ 


6. Solubility in ether . 


All com 

plete 


6. Water content .... 

1-80 °/„ 

0-59 °/, 


0-13°/, 

7. Specific gravity at 15° Cel. 

0-9204 

0-92i97 

0-9270 

0-9276 

8. Solidifying-point 

- 15° 

- 14-8° 

- 15-3° 

~ 14-6° 

9. Saponification value 

207 ‘9 

211-6 

208-0 

209-8 

10. Ether value .... 

20G-H 

203-9 

2I?6*3 

207-7 

11. Iodine „ (Hiibl). 

114-8 

126 

137‘2 

130-17 

12. Fatty acid .... 

94-28 % 

94-02 % 

93-88 % 

93-60% 

13. Soliaifying-point of fatty acids 

+ 16-4^ 

+ 16° 

+ 17° 

+ 17-fc° 

14. Melting-point ,, „ 

+ 20-5‘' 

+ 20° 

+ 21° 

; + 21° 

15. Maumene test .... 

lOA'" 

120° 

116° 

104° 

16. Elaidin reaction . . . i 


All 

positive 


17. Animal oil 'i 





18. Mineral „ J . 


No 

trace 


19. Metal j 





20. Acid value . . . . < 

1 

l-faO 

1 

15-46 

8-92 

3-70 
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oil. When this sediment is subjected to the microscope at is seen 
to consist principally of bean refuse and a small proport^n o& sand. 

In ja paper read by H. A. Gardner befere the Canadian Associa- 
tion of Master Painters, he describes a whole aeries of experiments 
which he made to accelerate the drying of soya bean oil. This paper 
deals with the question so fully and exhaustively that it is given here 
as reproduced by the “ Oil and Colour Trades Journal ” : — 

“ Driers for Soya Bean Oil . — If soya oil has been classed as a semi- 
drying oil, having an iodine value of approximately 130, it is a far 
better drying^ oil than other oils of similar iodine value. It is 
especially adapted for use in the manufacture of paint, treatment 
with a small quantity of drier serving to set it up in a short time to 
a firm, elastic film. The type of drier to use with soya oil, however, 
is a matter of great importance. In the same way that lead, xinc, 
lithopone, and other pigments give better results with difterent kinds 
of drier, various oils are also affected through the use of driers of 
different types. In a recent lecture, Toch proposed for soya oil the 
use of driers made from the metal cobalt. In order to determine tho 
relative effect of cobalt driers as compared with the more commonly 
used lead manganese driers, Gardner made a series of experiments 
upon a laboratory sci^le. Before the results are accepted commercially 
the tests should be repeated upon a larger scale. A series of eleven 
soya oils as obtained in the market, and representative of the grade of oil 
that was then being furnished by the grinders, were treated separately 
with nfne ditD^rent driers. The driers were carefully prepared for 
the telt, each containing approximately the same metallic content. 

Description of Driers. — No. 1. Cobalt linoleate in turpentine and 
benzol (contains 6 per cent, cobalt oxide). No. 2. Cobalt rosinate in 
turpentine and benzol (contains approximately 6 per cent, cobalt 
oxide). No: 3. Lead tungate in turpentine and benzol (contains 
approximately 5 per cent, litharge. No. 4. Lead and manganese 
rosinate (contains approximately 4 per cent, litharge and 2 per cent, 
black oxide of manganese). No. 6. Manganese rosinate in turpentine 
and benzol (contains apjjroximately 6 per cent, black oxide of man- 
ganese). No. 6. Lead tungo-rosinate. No. 7. Jjead linoleate (contains 
approximately 6 per cent, litharge). No. 8. Cobalt and lead linoleate 
(contains approximately 4 per cent, cobalt oxide and 2 per cent, 
litharge). No. 9. Cobalt and lead rosinate (contains approximately 
4 per cent, cpbaltio oxide and 2 per cent, litharge). In making the 
drying tests, 10 parts of oil were placed upon a glass plate. There 
W8^ added to the oil 1 part of the drier, and after a thorough mixing 
with a 6jean camel’s hair brush, the oil was uniformly spread over 
the surface of the plate, cros^-brushed and set aside to dry. The 
temperature of the laboratory was approximately 70'" F. and •the 
humidity was high. The painted plates were examined every ft 
jhours to deternyue whether any marked drying had taken place. 
At^the^nd of a 24-hour test, the various driers gave the following* 
results on the eleven samples of 6il which were under test : — 
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No. 1 drier gave fair results on 10 samples of oil. 

M >» t» 1» ^ t* 

M 3 ^ « M 6 ,, ,, 

♦ » ^ »», »* »» 3 ,, ,, 

• » >» »♦ If ® If II 

II ® II II II 2 ,, ,, 

11 7 ,4 ,, I, 7 ,, ,, 

„ 8 „ „ 11 „ 

“From a consideration of the results, it is shown that of the 
common driers, lead linoleate is probably the most efficient. Of the 
newer driers, however, those containing cobalt seem to have given 
the best results. It occurred to the writer that a .drier made by 
combining lead and cobalt might be still more effective. This seems 
to be true from the results obtained with Nos. 8 and 9. No. 9 was 
adopted as a working drier in some further tests which were carried 
on, and which are described below. 

“There was obtained through the courtesy of Mr. C. Piper, 
Agrotologist in the Bureau of Plant Industry, United States Depart- 
ment of Agriculture, a series of twenty-four sapaples of soya bean oil 
crushed from seed grown at the Arlington Experimental Farm of the 
Department, where the culture of soya beans has been studied for 
some years. These oils were tested along the same lines as outlined 
above, drier No. 9 being used throughout the ^est. The oils were 
examined for their iodine value and the results of the tests are 
charted as follows 


Oil No. 

Variety. 

Seed Colour. 

Mine 

No. 

Drying 
of Oil in 

8 Days. 

Drying in 24 
with 

5 per Cent, 
Drier No. 8. 

16789 

Flava . 

Straw-yellow 

131*3 

Poor 

Good 

16790 

Cloud . 

Black 

133*7 

Good 


17262 

Flat kind . 


130*2 


172620 

Field . 


133*8 



17268 

Nuttall 


129*8 



17264 

Ebony 


132*1 



17263 

Austin 

Olive-yellow 

131*2 



17264 

Tokio . 

133*4 



17267 

Hope . 

„ 

123*5 


II 

17268 

Ito San 

Straw-yellow 

132*8 



17271 

Haberlandt 

134*1 

v, 


17278 

Hollybrook 

„ 

135*6 


II 

17862 

Meyer 

Black and 
brown 

137*4 ' 

Poor 

11 

17852B 

Peking 

Black 

131*4 

IV i 

II 

17861 

Jet . . . 


130*8 

»» 


18227 

Chornio ’ . 


134*8 

11 

11 » 

18269 

Pirgsee 

II 

184*5 

Good 


19163 

Wilson . . 1 

Olive-yellow 

125*1 

Poor 

' 11 

19186 

Morse . 

131*0 


II 

,21079 

Shingto 

129*9 

») 


21079B 

Auburn 

Black 

123*7 


II 

21999 

Taha . 

Black and 
Olive 

129*9 

Good 

II 

22312 

Famham . 

Straw-yellow 

127*8 

„ 


28282 

Klangau . 

Dull brpwn 

133*9 

It 

26000 

Mammoth . 

— 

182*4 

Poor 
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“ It is shown above that although the various samples of. oil tested 
■ differed in their drying values, they all become ^y wjien treated 

with op efficient drier.” , . .. . j , 1 .. 

OilVrm the Seeds of Fir TreOT.-Kohdich has 
possibility of obtaining oils from the seeds of fir trees. No difficulties 



minus the witig ftt its base. 


arite in the treatment of fir seeds. Experiments on a small sc^ 
haw shown that the seeds of the conifers, when ground and 
with ether, yield 20 85 to 31-2(f per cent, of oil. These figures s 
th? the<trees in question can form a valuable source "‘I- 
especially since they do not have first to 

texffit in large numbers and yield a crop every year, ^e latour ot 
«ollecti»g the fruit and seeds nped not be expensive. In addition to 
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oil, the s^eds contain 35*2 to 35*3 per cent, of nitrogenous substances 
*in the, case of the conifers, so that the press-cakes could form a- 
valuable cattle food ; the seeds themselves are readily eaten,, by the 
wild animals inhabiting' the woods. 

But it is not enough that the yield of oil per cent, should be con- 
siderable but that the‘ crop of cones yielded by the pines should 
also be considerable, and that a sufficient number of pine forests- 
should be available, for cone picking, and that the crop should be far 



Fig. lll.--46ie.s pedinata. The silver fir. 

A, bract ; c, detached from the axis of a young couc, with the scale ; s, bearing the* 
ovules, 9k (magnified). 5, upper part of mature cone; sp, axis; c, bracts;. 
s, largely developed scales, bearing the seeds on the upper surface (reduced). 
C, ripe scale, with two winged seeds; so, seed; /, wing (reduced). (After 
Sohaoht). , ^ 


in exfcess of that required for nursery purposes. At present the yield •* 
is so small that it is quite insufficient for planting 'purposes so as- 
eventually to maintain the pine forests in pre-war head of standing 
timber. N.B . — The cone is about a cubic inch, but the yield of ^ed 
per cone occupies only a few xJ^yths of an inch. 

Scots Pine Seed Oil . — ^The author having complained to the 
Dfreotor of the Botanic Gardens, Kew, about certain points in an 
article in the “Kew Bulletin,” Nov. 6, 1915, on the subject of the 
,, Scots Pine, was favoured with the following memorandum in repl^ : — 



DRYING OILS OTHER THAN LINSEED OIL. 45S? 

“ Subject . — Soots Pine in * Kew Bulletin/ Nov. 6, 191^. 

“ The name of Scots Pine is applied generally to PHhus s^lves^'is in 
the Brilffeh Isles, whether the trees have beeif ^p.ised from home-grown 
or continental seed. Some nurserymen, however, indicate the source 
from which their seed has been obtained. It if more than likely that 
distinct races of Pinus sylvestris exist, but whether the distinctive 
characters are sufficient to warrant separate varietal names except in 
two or three instances, is very doubtful. When seeds are collected 
from trees growing under veiy different conditions and sown side by 
side, the seedlings from different regions show considerable variation 
in rate of growth, but botanically all are P. sylvestris. The height of 
the Scots Pine is given as up to 140 to 150 feet, not the avomge height. 
The height given is reached under the most favourable conditions in 
some of the continental forests. In Scotland the tallest trees noted 
are between 95 to ill feet high, but the average height for well-grown 
examples is probably nearer 75 to 80 feet.” 

Stillingia Oil. — Th# oil known as stillingia oil is, according to 
Watt, obtained from the seeds of Tapiiim Sebi/erufn, which is the 
same tree as that which yields (IbiiKise tallow. The (Chinese tallow 
tree is a small glabrous tree, indigenous to and cultivabMl in (Ihina 
and Japan, introduced into and cultivated in Noi-thern India, having 
become almost wild in the Dun, fairly abundant in Garwhal, Kumaon, 
and Kangra. The plant is easily raised from seed, but is usually 
propagal^ed by layers or dbttings. The finiit is a 3-cell capsule, each 
cell with a sin^e seed surrounded by a thick greasy substance, the 
so-called vegetable “tallow”. In addition to this solid fat, the seed 
kernel yields about 50 per cent, of a brownish-yellow oil, which is 
employed medicinally, also as a burning oil, and in the preparation 
of umbrella varnish. The oil is obtained by expressing the seeds 
after steaming them to liberate the tallow. The oil is limpid and of 
a pale yellow colour ; it has a peculiar smell similar to that of linscicd 
oil and mustard oil. It can be distinguished from linseed oil by its 
great levo-rotary power. 

STILLINGIA OIL. CHEMICAL AND PHYSICAL DATA. 


Observer. 

‘’C. 

• 

1 

Density. 

• 

• 

SjiiwTii- 

tlrjation 

No. 

lofliiu* 

No. 

Ih!- 

fracto- 

inoter 

No. 

Hehiier 

No. 

Thermal 

Test, 

Miiimiene. 

Kefrwtion. 

Herein . 

16 

0*9468 

203*8 

145*6 




Butyro Index 

Nash . 

i 15-5 

0*9396 1 



160*7 

— 

— j 

— 

refracto of 

TorLelli 

27 

0*9432 1 

210*4 

160*6 

0*93 

94*4 

136*5 

degrees refrao- 

ARuggeri 

15 

0*9370 

— 

_ 


_ 

Specific 

76 at tioi^ 



15 

t 

0*937 1 

1 

1 

. ! 

i 




temp. 

reaction, 

267 

36'^ C. at 26*6, 
1*4826 
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STILLINGIA OIL. PATTY ACIDS. 


— ' — ? — ^ 





Observer, 

Solidihcation* 

]fK)int. 

Melting- 

point. 

Neutralisation 

No. 

lodme No. 

Lewkowitsch . 

t. 


206-3 

Liquid 191-1 




Saponification 

„ 181-8 




No. 210-5 1 


Nash 

— 1 

— 

— ! 

166 

Tortelli and i 

12*2 

14-6 

214-2 

Liquid 161-9 

Ruggeri . 

i 



„ 178-1 

1 


More recently it has been found that the most characteristic pro- 
perty of stillingia oil is its optical activity. U rotates the plane of 
polarised light strongly to the left, viz. - 6° 45' in a 200-milliraetre tube, 
-corresponding to - 29*9 saccharimetric degrees. As croton oil is 
derived from Croton Tiylium and stillingia oil from Croton Sehi- 
Jerum its optical activity can very well be understood. But whereas 
croton oil deviates to the right, stillingia oil deviates to the left. In 
general, oils and fats only exert a feeble action on polarised light. 
However, some distinguish themselves from others by being more 
active, a property which may be used to identify them or to enable 
them to be recognised in admixture. When the deviation is feeble it 
may be ascribed to cholesterin or phytosterin, according to whether 
it is a question of an animal or vegetable oil. But where there is a 
strong deviation with a pure oil it is undoubtedly due to the action 
of the glycerides themselves. Cholesterin and phytosterih being 
loDVO-rotary impart to oils the property of deviating the plane of 
polarisation to the left. 

Sunflower Oil (English, Sunflower Oil ; German, Sonnenblumeol ; 
French, Huile de tournesol). — The sunflower, a native of Mexico, is 
a plant of the Composite Order, the botanical name of which is 
Helianthus Annuus, L. The sunflower has long been cultivated in 
Europe as an ornamental plant. It is grown on a large scale in 
Hungary and Russia, more especially ir.. the Russian Province of 
Kuban, where the plant is not only cultivated for its oil but as a 
source of potash. The seed kernels are crushed in Russia for oil, and 
are also exported for crushing in other countries. Grermany, prior to 
the war, did a considerable trade with Russia in sunflower oil. The 
kernels contain about 60 per cent, of oil. The yield of oil calculated 
to the seed is about 20 per cent. The cold-pressed oil is a, pale 
yellow oil with a pleasant smell and mild taste, which is used as an 
edible oil. The second hot-pressed oil yields a dark oil, wych is used 
as an illuminant and for soap purposes, also as a paint vehicle and aa 
boiled oil. The saturated fatty acid content is very small, only about 
8*9 per cent, according to Vorleker, and here the similar data of 
Hazura comes into play. Hazura found 92*6 per cent, of fluid fatty* 
^ acids which yield on oxidation dioxystearic acid and sativie aci^ be- 
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having like oleic and linolio acids. If 130 bo taken as the mean iodino 
number it would about correspond with the calculated iodmo number 
of equalV'^eights of oleic and linoleic acid. TBq iodine number of sun- 
flower-seed oil at first sight^indicates only a slow drying oil. Hiibl by 
treating it with copper powder found it to djy in 7 days with an 
oxygen absorption of 5 per cent., but J. Petroff obtained unsatisfactory 
results with sunflower oil as a raw material for boiled oil. The fol- 
lowing are his results : — 

TABLE SHOWING THE COMPARATIVE TIME OI'CUPIED IN DRYING 
OF RAW AND BOILED SAMPI.ES OP SUNFLOWER SEED OIL. 




Time of 
Dryluj?, 

Raw sunflower seed oil 

heated and blown for 4 hours 

H days 


at 200 to 2/X)‘^ F. . 

« t. 

Raw oil, with 2 per cent, of MnR 

15 hours 


ofMnL 

BH „ 

Blown oil, „ 2 „ 

of MnR 

25 „ 

2 * 

OfMnL 

.BH ,, 


Twenty-five parts of the boiled oil mixed with 20 parts of white 
lead'or zinc white took 30 hours to dry, the usual time being 8 to 9 
hours. Sunflower-set^d oil as a raw material for oil boiling is un- 
desirable (Petroff). But according to Book, who has resided in Rus- 
sia, much sunflower-seed oil is used there in paint-grinding, whilst 
the greater part is used as an edible oil, the seed being hcjated before 
expressioh to deielop a peculiar aroma ; the oil for varnish is prepared 
by steadiing the seed and treating the expressed oil with fuller's-earth 
so as to eliminate the mucilage which causes foots. If the manu- 
facturer does not crush the seed himself ho must make preliminary 
tests to see if the oil is fit for varnish-making. A pale oil for varnish- 
making is obtained by treating the oil with 1 per cent, of fuller's-earth 
and heated to 300’" C. until it thickens, without browning ; this oil is 
mixed with equal parts of hardened rosin, a pale drier is added, and 
the product ground with white zinc. The paint so obtained is char- 
acterised by its brilliant \»hite and its permanence to atmospheric 
agents without any tendency to yellowing. The same oil may be used 
with copal and its analogues. 

PHYSIOO-CHEMIGAL CONSTANTS OP MIXED PATTY ACIDS PROM 
SUNFLOWER-SEED OIL. 


^ • 

Melting- 

point. 

Solidification- 

point. 

Hapouiftcation 

Value. 

Iodine Value. 

• 

Bach .... 

23“ 0. 

» ir C. 



De Negri and Fabris 

22-24“ C. 

18“ C. 

— 


Dieterich . 

28“ C. 

18“ C. 

— 

• 

Jean .... 

22“ 0. 

— 

. . — 

— 

JPeters 

17-22“ C. 

— 

— 

— 

Bpulei . * 

• — 

— i 

201*5 

183*2-134 

Taomer • . 

23“ C. 

^ 17“ C. 

1 

201*0 

133-184 
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PHYSICO-CHEMICAL CONSTANTS OP SUNPLOWER-SEED OIL. 


' Observer. 

Specific 

Gravity. 

Solidification- 

point. 

f 

Hehner 

Value. 

Saponifi- 

cation 

Value. 

Iodine 

Value. 

Mau- 

meni- 

Test. 

Refractive 
Index. . 

Allen 

0-y24-0‘926 







Beckarto and 
Seiler . 

~ 

— 

~ 

— 

— 

— 

72-2 at 
25° Zeiss 

Bornemann . 

— 

- 16 to -18-5 

— 

193-194 

— 

— 



Chateau . 

De Negri and 

0-924-0-926 

~ 

— 

— 


— 

— 

Pabris . 

0-926 

— 

— 

188-180 

119-7-120-2 

72-75" G. 

— ] 

Dieterich . 

0-936 

— 

__ 

— 

122-5-133-3 

— 

1 

Holde . 

0-9240 

Still solid at 
-17"C. 

— 

193 

135 


— 

Jean 

0-0250 


_ 

192 1 

124 1 

_ 

-1-36° 

Spuller . 

0-9258 

— 

95 

193-193-3 

120 

C7-5" C. 

1-4611 

at60°0. 

Thorner . 

— 

— 

— 

193-194 

120 

— 



Holde . . 

0-019 at 
40" C. 

— 

— 

— ( 

— 

— 



Tohacco'seed Oil . — According to Cohen about 3 cwt. of tobacco 
seed is obtained from an acre of tobacco. This 3 cwt. of seed yields 



PiGt. 112.—JVioo<tana Tdbacum^ the tobacco plant (source of tobacco-seed oil). 

, cwt. of oil or 41*6 per cent. The seed should be harvested afteif > 
the top leaves have been oolieoted* There are diffiotdties encountered 
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in the collection of the seed and in the drying of it. The oilcake 
-contains 4*2 per cent, nitrogen. • • • 

Walnut Oil , — Oil ot walnut can readily be extracted by pressure 
from not over-ripe nuts, as also from the kernels by ether or ctirbon 
■disulphide ; it is of a yellowish colour, and is ^sed in some countries, 
especially Piedmont, as a good substitute for olive oil. The follow- 
ing data are given ; — 


Specific gravity at 15° C 0*9265 

Melting-point of fatty acids 1C" to 18° 

Temperatuiie rise 96° 

Iodine number Ul-6 to 146*1 

„ », of fatty acids 150 06 

Saponification number . . ... 198-8 to 197*3 


Its specific gravity, rise of temperature, and high iodine number 
distinguish it from other oils olitained from nuts. It gives a brown 
coloration with Ileydenreich’s, reddish-brown with Hauchocorne's, 
and an intense orange^oloration with Jlrulle’s reagent. 

Walnut Oil. The Arboriculture and Horticulture of the Walnut 
Tree . — The common walnut tree is a native of Pe rsia. It has been 
utilised and cultivated in India since very remote times. It is con- 
jectured to have heew introduced from Prance into Kngland in or 
pribr to 15G2. The tree was highly esteemed by the Homans; hence 
the generic name Jtnjlans or Jovia (jlam or .love/s nut acorn, the 
specific name regia ^ the (fueen, from its pr(‘-<‘minence among nuts. 
Walnut, its common name, is said to bederiv<id from Oaul nut, the nut 
of Gauf, from whence it came. 

Synonyms 

British — Walnut. 

French — Noyer. 

Dutch — Walnoot and Ockernoot boom. 

German — ^Walnusshaura. 

Italian — Noce. 

Spanish — Nogal. 

However important th#oil may he, the chief value of the tree lies 
in its timber, the most important use of which is for gun-stocks, and 
as the European supply is nearly exhausted, the more extended 
cultivation of tne tree m India is suggested. But the vu inertia of 
the Indian forestry oflicial is proverbial. The walnut, which ripens 
in India in Jcly to September, is an important article of diet in 
Kashmir and the N.W. Himalayas generally, and is largely trans- 
ported to the plains. Both the leav !8 and the oil have been largely 
employed hi destroying intestinal worms. “ The more walnuts one 
^ats, the more ease will he drive worms out of the stomach “ (Pliny). 
Green walnuts make an excellent pickle, and for this purpose shoufd 
be gathered before the stone becomes so hard as to be felt when 
^ick^d with a needle. 

Soils in which to Plant Walnut Trees , — In good soils the tree 
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will thrive for a century and bear nuts to the last. The tree begins 
to bear when about 20 years old. In some light soils, and probably- 
when the roots have beea confined, walnut trees have been, known 
to bear nuts when un^er 10 years, but by the process known as 
budding, Knight has shown that they will fruit in 3 or 4 years. 
The fruit should be allowed to ripen on the tree, and to fall of its 
own accord, when the nuts may be gathered, deprived of their husks, 
dried, and preserved in sand till wanted for use. 

Propagation of the Walnut Tm.— The tree is propagated for 
general purposes by seed sown in spring in nursery beds or broad 
drills, being transplanted the following autumn, but more generally 
the second autumn. The strongest plants might be drawn out the 
first autumn for transplanting, leaving the smaller, which then would 
have plenty of room, to the next planting season. This is the most 
eligible way when the trees are required for timber, but for fruit, the 
best varieties, of which there are several, should be taken from the 
fruit-bearing trees, and inarched or budded on yjoung healthy seedling 
stock. This latter method of propagation was suggested by Boulcher, 
an Edinburgh nurseryman, about the beginning of the 18th century. 
Abercrombie practised it. The late Mr. Knight about 1814 sug- 
gested the practice of budding. The walnut formed an exception to 
the usual method of inserting the buds in shoots, of the same years 
possibly in some measure, because its buds contain within themselves 
in the spring all the leaves which the tree bears the following 
summer, whence its annual shoots wholly cease to elongate soon 
after its buds enfold. All its buds for each season are also consequently 
very nearly of the same age, and long before any have acquired the 
proper degree of maturity for being removed, the annual brauches 
have ceased to grow or to produce new foliage. Knight pointed out 
that there are at the base of the annual shoots of the walnut and other 
trees, where those join the year old wood, many minute buds which 
are almost concealed in the bark and which rarely or never vegetate 
except in the event of the destruction of the large prominent buds 
which occupy the middle and opposite end” of the annual wood. By 
inserting in each stock one of these minute buds and one of the large 
and prominent kind, Mr. Knight found that the minute buds took 
freely, whilst the large all failed without a single exception. This ex- 
periment was repeated upon two-yearling stocks which grew in pots 
and had been placed during spring and the early part o^ summer in a 
shady situation under a north wall (Mr. Knight’s method of retarding 
vegetation), whence they were removed late in July to a forcing-house 
and instantly budded. These being suffered to remain in the house 
during the following summer produced from the small buds shoots 
nearly 3 feet long, terminating in large land perfect female blossoms 
which necessarily proved abortive as no male blossoms were procur- 
able at the early period in which the female blossoms appeared^ bu^ 
the early formation of such blossoms sufficiently proves that habits 







, liftiirmg branoh of a Walnut t^e i^y he ferainafel^ young 
by buddii^ a« well as by engrafting by approach. Xh^most 
,^iigible^spot for the insertion of the buds of^this species of tree and 
possibl^f of others of similar habits is near th# summit of the wood of 
the preceding year, and, of course, very near the base of the annual 
shoot, and if buds of the kind above montioied be skilfully inserted 
in such part of the branches of rapid growth, they will be found to 
succeed with nearly as much certainty as those of other fruit trees 
provided such buds be in a more mature state than those of the stoolt 
into which they are inserted. Layers make inferior plants ancj graft- 
ing is not very successful, but marching may 
be readily performed during February or 
March. Budding is, however, by far the 
best method, for it would often be found im- 
possible to march shoots of a superior kind, 

‘the branches of which might be 20 feet from 
the ground upon a stock of 0 or 8 feet in 
height. • 

The Best Varieties of Walnut . — The fruit 
of the walnut being of much importance in 
climates suitable to their ripening, and as 
there are so many superior sorts to be met 
^with, it would be well if nurserymen would 
bestow more attention to, the matter. The 
best varieties o^ w^alnuts are the large double- 
kernelid French, the tender or thin shelled, 
a very fine variety, both of which are grown 
about the village of Worthy, neaV Win- 
chester, the Highflyer of Thetford, and the 
' new Divant Prolific or Noyer fertile, raised 
from seed at Chalons. Mr. Rivers says he 
saw plants of this sort in Paris only 2 feet 
in ^height and full of fruit. Mrs. Harvey, 

> “ Adventures of a Lady ij Tartary," speaks 
of a walhnt cultivated in the Valley of 
Kashmir with a shell as thin as paper and easily broken by the hand. 
The Highflyer df Thetfgrd has a shell nearly as thir, and is on that 
account a variety de8er\ang of more general cultivation. 

‘ and Situation . — The walnut will succeed in any ordinary 

ioii if on a dry sub-soil, and the best situation is in a warm sheltered 
pirt^of the demesne where they will become both ornamental and 
nseipl. They are rather large for garden culture unless attention be 
to root and branch pruning.* One objection to them in gardens 
is the space they would occupy and the shade they would produce.^ 
DUeane and Insects. —The walnut is proverbially exempt ftenl 
Its leaves ^e used to prepare insecticides. Late spring froffes^ 
hpwlve^ in soipe 'situations oRen injure the young expanding shoots^ 
I.. „ _ '30 



Fia. IIQ.—Juglcmsregifi; 
1, a ^ catkin ; a pair 
of ^ flowers; 8, per* 
pendioular section of a 
^ flower; 4, perpen- 
dicular section of a 
ripe walnut. (After 
Lindloy.) 
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and recurrence of such disasters brings on a debility in the tree often 
endingr in its death. 

The walnut tree is met with in all Central Europe, Belgium, 
Spain, Holland, Italy, 'Great Britain, and as an ornamentartree as 
far North as the hinterland of the Moray Firth,* but it does not 
thrive well too near tfue sea. It is widely distributed in France 
in the Charentes, the Dordogne, Is^re, la Franche Comt6, and Picardy. 
The tree yields a brown monospermatic nut which contains the 
almond or kernel, the raw material from which walnut oil is extracted. 
These kernels are not very rich in oil as they contain only 50 to 
65 per cent. Ordinary walnut oil must not be confused with the oil 
of the American nut, which comes from carya nuts, a North American 
tree which is only used in Europe as an ornamental tree. The 
American oil is not much used except for lighting, is not an edible or 
an artists’ oil. Experience has shown that fresh kernels when ex- 
pressed yield a very turbid oil extremely difficult to clarify. It is 
only possible to extract the oil in a satisfactory manner after the 
nuts have been dried and stored for 3 or 4 months. By that time they 
will be ripe and the milky juice which they contain when fresh will 
gradually have disappeared. They must be preserved in a dry place, 
otherwise they will become rancid and mouldy. The kernels are 
crushed under a millstone. The oil is generally extracted in two 
stages. Pressing is begun in the cold so as to obtain virgin oil. The 
residue is moistened with lukewarm (tepid) fwa ter and again presvsed, 
which enables 15 per cent, of a more ordinary oil W be eitracted. 
Sometimes, however, the crushed almonds are hot pressed directly. 

Composition of Walnut 0//.~Araongst the glycerides of walnut 
oil are those of lauric and rayristic acids. Amongst the non-saturated 
acids are, according to Hazura, linoleic acid 80 per cent., linolenic 
.und isolinoleuic acid 13 per cent., and 7 per cent, of oleic acid. 

The Constants of Walnut Oil Vary with its Aye and its Degree of 
Bancidity.—^iAmt oil is said to be difficult to preserve owing to its 
being prone to rancidity, but Halphen found no such tendency in 
Daupliine oils, which he had good reason .^o believe were pure from 
their origin and properties, which is necessarily of inferior quality to 
virgin ” oil. 

Commercial Brands. 1. First Pressed QfL— TH b oil from the 
first pressure is very pale or slightly greenish. It yellows as it ages. 
Its smell and taste are pleasant when fresh, and unpleasant after be- 
coming rancid, 

2. Second Pressed Oi/.— This quality is of a more or less deep 
yellow, often brown, colour, and possesses an acrid odour and taste. 
Walnut oil is only slightly soluble iil alcohol even boiling 1/60. On 
codling it separates crystals which melt at 20° C. and solidify at 15° C. 

Owing to its drying properties and its pale colour, walnut oil is used 
in the preparation of artists’ paints and also for making certain inks, 
used in wood-engraving. Large quantities are consumed ^ many 
countries as an edible oil. When mneid it is used in soap manufacture. 
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Amlysis of Walnut OiL — According to Halphen oertainjauthorities 
are in error when they assert that walnut oil is n#t adiijjterated with 
linse^ oil, Belher has pointed out that poppy-seed oil was added 
therefo, and Halphen has frequently founfl walnut oil with cotton- 
seed, sesame-seed, and earth-nut oils. Crude in the beginning, these 
sophistications have gradually been improved, retuloring. the ex- 
amination of this product tedious and delicate. The two sophistica- 
tions most difficult to recognise consist in the addition of poppy-seed 
oil or linseed oil, which the colour reactions are powerless to detect, 
and which, o§ the other hand, approach so near to the chemical con- 
stants of walnut oil that it is ditlicult to prove their presence. It has 
already been pointed out that the formation of insoluble hexabromo- 
glycerldes enables both drying oils and hsh oils to he detected. Now 
the amount of insoluble bromine derivatives is very variable accord- 
ing to the nature of the drying oils, and in particular, the amount is 
far greater with linseed oil than with the others. On this is based a 
process of qualitatiyj analysis by which it is possible to detect less 
than 5 per cent, of walnut oil in linseed oil. 

The following table by Halphen shows the variations observed in 
walnut oil, after preservation for three yi^ars in cork-stoppered glass 
bottles only parliii]ly filled : — 

TABLE SHOWING THE EFFECT OF STOiUNO WALNUT OIL IN 


PARTIALLY FILLED COUK-STOl’PEUED BOTTLES FOR THREE 
YEARS. 




1 


, Deviation by oleorofractoint tcM* . 


4- 34 

4- 37 

1 Iodine value 

115-1 

140 -4 

141 

; Acidity as acid oleic per cent, of oil 

— 1-27 1 

_ 1 

1-05 


Taking apparently sound walnuts which had been preserved for 
several years in the laboratory in a closed tinned iron vessel as the 
raw material from which to extract walnut oil, benzine only ex- 
tracted very acid oils, th*; ])ropertie8 of which in no way corresponded 
with those of pure walnut oil as the following numbers showed. 
Sample I. wjs extracted from a first lot of nuts, using very little 
benzine. A persisteitt emulsion was formed, which only separated 
with difficulty. Sample II. was obtained by using more benzine, 
with the vi€w«of avoiding this emulsion : — 


{ PHYSIO) Chkmicai. P0!«.>TANTH 

Haniple 1. i 

Sample II. 

• 

Deviation by the oleorefractometer . . i 

+ 2H ! 

+ 29'5 ' 

i 

Iodine value 

130-9 

U6-7 

Midity ae acid^oleic, per ccot. 

• - 

32'flO j 

13-63 ‘ ! 

J 
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In No. sample the alteration consists solely of hydrolysis with 
slight oxidation, which lowers . the iodine value. In No. 11. the 
hydrolysis is less pronoun^csd, and the oxidation nil. These experi- 
ments shoWj ther^ore : 1. That oil prepared with fresh nuts undefgo 
on storing no important alteration as regards refraction, iodine 
value, and acjidity, and t6at a diminution in the iodine value corre- 
sponds to an increase of the refraction. 2. That oils prepared from 
old nuts are according to circumstances more or less acid, more or 
less oxidised, and that their constants are greatly altered by these 
modifications. 


WALNUT OIL. PATTY ACIDS. 


Observer. 

Melting- 

point, 

Solidifi- 

cation 

Point 

Mean 

Molecular 

Weight. 

Iodine 

Value. 

Acetyl 

Value. 

Benedikt and Ulzer . j 



278*5 /; 


7*6 

De Negri and Fabria 

10-18 

j 

1 

150 05 

’ — 

Hiibl. . . . 

20 

1C 1 

— 1 

— 

1 — 

Kebler 

16-20 

1 

— 

— 

i “ ■ 


Hickory-nut oil resembles walnut oil very much, and is known as 
“ American nut oil ”, 

Wm. T, Brant says “oil of black walnuts is sometimes expressed, 
but is of little value”. On examining the cold-pressedc black walnut 
oil, file following physical and chemical constants were obtained. It 
is limpid, of a straw-yellow colour, possesses a pleasant, agreeable, 
walnut-like odour and taste, becomes turbid at 12° C., has a specific 
gravity of 0-9216 at 15° C., saponification number, 190-1 to 191-5; 
acid number, 8-6 to 9; ether number, 181*6 to 182*5; Hehner’s' 
number, 92-77 ; Keichert-Missel value, 0-00 ; iodine value, 141-4 to 
J42’7 ; melting-point of fatty acids, 20° C. 

The drying qualities are excellent, equal, if not superior in this, 
respect to linseed oil, leaving a tenaceous, fiexible, transparent film. 
An artist, on using it, pronounced it a very satisfactory article for 
fine painting. 

By a German process patented by Th. C. Graham', I. H. Kellogg 
' and W. K. Kellog, D.R.P. 109,237, the oil is extracted from the nuts ; 
by roasting them between 160° and 180° C. (302° and ?56° F.), the 
shelled kernel being made into a paste and mixed with water at 56° ^C. * 
(32 litres of water to 100 kilogrammes of nuts when the oil floats ■to 
the surface). 

' Wood Oil Standards for South China Wood and the Basis on 
Ufhkh they were Elaborated. — Frank Brown, formerly Government 
analyst, Hong Kong, procured a quantity of genuine nuts from ^ 
Wuchow, Kwangsi Province, and a certain quantiW of oil 
^extracted by pressure oflly. Specimens of the:, nuw and^of Ihe^ 
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extracted- oil were sent to several authorities in various parts of the 
world. ^This.pureoil had the following characters 


Specific gravity, 0‘9415u 

Iodine value 167 

Saponification value 191 

Heat test . . ^ 12 minutes 

Refractive index at 20° G 1*5206 

„ „ 15'^ C 1*5226 


At the time (1912) when the heat test was published there was no 
definite system of sampling the oil, and there were disputes, mostly 
with U.S.A. buyers, as to the quality of some of the consignments. 
These disturbances at last became so frequent as to seriously interfere 
with the export trade. The matter received the attention of the 
Association of Exporters and Dealers of Hong Kong, which, with the 
assistance of the local government, endeavoured to place the sale of 
this oil on a more satisfactory footing. From the characters of the 
pure oil extracted in the Government Laboratory ^nd from the results 
of numerous examinations of oils, which had been accepted by buyers 
as genuine and thoroughly satisfactory, the following specification 
was drawn up for South China wood oil : — 

“ 1. Colour and Impurities . — Chinese wood oil shall be pale in 
colour (according to season’s production), merchantably free from 
foots, dirt, and moisture. The total impurities shall not exceed 1 per 
cent., but, unless otherwise provided for, impurities not plainly adultera- 
tions up to 5 per cent, shall not justify rejection, but alk)wance shall 
be made by sellers for such impurities in excess of 1 per cent. ‘ 

“ 2. The refractive index of such oil shall not bedess than 1*5204 at 
16'' C. Minus 0*0004 shall be considered the correction for each 
degree C. above 15 to 35° C., which should be applied to the refractive 
index when such is determined at temperatures between the points 
stated. 

“ 3. The specific gravity at 15° C. shall not be less than 0*9400. 

“4. Heat Test . — The oill shall satisfy the requirements of either 
Worstall’s,^ Bacon’s,^ Browne’s (‘Chemical News,’ July 12, 1912 — 
the period of setting in this heat test not to exceed 13 minutes), or 
Chapman’s (‘ Analyst,’ Dec. 1912) heat test. 

“Any sample of South China wood oil that ‘satisfies all the four 
tests above, namely. Nos. 1, 2, 3, and any one of the heat tests in 
No. 4, shall be considered to be good South China wood.oi^ free from 
adulteration.” 

Particulars of this specification were sent , by the Association tr> 
the responsible bodies in several countries, and at the same time 
opinions were asked as to any amendment desired. The replies 
received did not seem to indicate the necessity for any c^nge in the 

1 Described in the rules regulating business among members of the New 
York Produce Exchange in vegetable oils and fats not otherwise provided for 'as 
iimended on September 6, 1912. 
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specification as described above. The Hong Kong Governipent then 
undertook the sampling and examination of the oil. This consists 
in drawing about 1 oz. from each cask of •oil otfered for sale. The 
refmctive index of each quantity is first det?n*mined, and any cask of 
oil with a refmctive index under the specification figure is condemned 
for export purposes. The approved samples ^re then hulketi and the 
gravity and heat test of the mixture determined. If the oil passes 
these tests the casks are sealed with lead seals, l)etuing a Govern- 
ment impression, and are then ready fo*r shipment. Tlu^ institution 
of this systeii^ of sampling has proved most satisfactory, ft has 
restored the sale of the oil to its former dimensions, it has raised its 
quality, and has put an end to vexatious disputes aiul expensive 
arbitrations. 

The following points may be useful to those examiriing this oil: — 

When the gravity is determined at a tem})erature othei’ than 15*^ C. 
it has been found that O'OOOfil is the correction for 1 C. Thus a 
gravity of 0-9401 at ^O'/io" (L is 0*9433 at 15715'* (;. 

Proposed St (inda) (I Specification for Wood Oil and Linseed Oil . — 
Proposed standard specifications as follows were included in the 
report of the Committee on Protective Coatings, presented at the 
eighteenth annual, meeting of the Anun'ican Soci(‘ty for Testing 
Materials, held at Atlantic City on June 22 to 25, 1915 : 

Haw Chinese wood oil shall conform to the following require- 
ments : — • 


• PHVSIC'O C’HBMK'AL Co.VM’ANrs. 

Maxiimnii. 

Minimuin. 

Specific gravity at 0 

. ; 0-U43 

0*0:i9 

Acid miniber 

(> 


1 Saponification number 

. i urn 

100 

j Unsaponifiablc matter, per cent. . 

070 

1 — 

! llofractive index at 2.0 C 

1 ‘020 

! 1-515 

1 Iodine number (Hubl, IH liours) . 

. — 

JOO 

i Heating test (Browne’s method), mins. 

, ’ 12 

— 

1 Iodine jelly test, mins. . ^ . 

4 

! 


CON.STANTS OF THUEK SAMPLES OF JAPANESE OIL. 
• • (CHAI’MAN.) 



i Iixluie 
; Figure. 

Density 

at 

1.5 •O'' (J. 

.SajHililfi- 

eatinn 

Figure. 

! Rtdractive 

1 Index. 

Tinu*, of 
EIHux in 
Swonds. 

■* 

1. VVakasa . 

, 158-0 : 

) • 

0-9377 

195-2 

1 1-5083 

1-230 

2. Idynmo . 

1 1 

I 149-0 i 

0-9400 

193-4 

! 

1 1-5052 

1-620 

• 

3. Locality unknown . 

j 

i 151-8 

L 

0-9340 

i 196-3 

1 1-5034 

1 ’ 



H^t test, 2 hours at 250° Q. — 1, soft ; 2, soft ; 3, very soft. • 
Japanese wood oil has been said to be obtained from Aleurites 
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vermeia., But on the authority of Chapman it is quite disiinct from 
the Chinesq oil, hoing mostly obtained from Pmlownia ImperialU, It 
is said to resemble the Chinese oil in composition and properties bdt 
it does not solidify on heating to a high temperature. ** 

The American Consul in Japan in his report (105, 1917)state8 that 
“ An oil used in Japan in the manufacture of oil, paper, and paints and 
for illuminating purposes, is obtained from the fruit of a tree Aleurites 
, Cordata (‘ Oil Paulonia '). This tree had been growing wild in Japan 
until four years ago, when it was for the first time on very small 
scale cultivated for commercial purposes. The use of th© o^l paulonia 
product has been known in Japan for a long time but has not yet 
acquired any commercial importance. The oil is extracted by the 
most primitive methods, drying, pounding, steaming, and crushing by 
producers on their farm. Japan s output is about 1,500,000 bushels 
of nuts annually, from which 238,300 gallons of oil worth $110,000 
is obtained. None of this oil is exported. Shells and kernels crushed 
together give 361 per cent, of oil, while 48‘85 o/ oil is obtained from 
the kernel ” (U.S.A. Consular Beport). 

The Chemical Composition of Wood Oil Fatty Acids, — Wood oil 
contains from 101 to 10*6 per cent, of glycerol, 96 per cent,, of insoluble 
fatty acids, and about 0’5 per cent, of insoluble matter (Jenkins). 
Cloez was the first chemist to examine wood oil. He found the fatty 
acids to contain a liquid and a solid portion. The first consists of 
normal oleic acid. The solid fatty acid, pressed through filter, paper 
free from the entrained oleic acid and then crystallised from alcohol, 
melts at 48°. Its combustion results and the analyses of its salts 
pointed to the formula Ci-HgoO^. Cloez named this acid elaeomargaric 
acid and found 72 per cent, of it in wood oil. He found that it was 
very unstable, and that in the air it rapidly absorbs oxygen. Long 
after the date of Cloez’ researches, L. Maquenne examined solid wood 
oil fatty acid de riovo. He termed it elaeostearic acid. On oxidation 
by KMn 04 (not in alkaline solution) he obtained from it azelaic acid . 
and n valerianic acid; instead of Ci^Hg^O^ he found the formula 
Ci 353 o^ 2 ‘ iodine figure of wood oil imdicates that the greater 
proportion consists of an isomer of linoleic acid; but Walker and, 
Warburton, in brominating wood oil, in one sample found no hexa- 
bromide insoluble in ether, in a second sampie only b’38 per cent. . 
T. Kametka found that elaeostearic acid is not an isomer of linolenio 
acid but of linolic acid, CjgHjgOg. For the acid oryaUllised from 
alcohol he only found the melting-point of 43° to 44° C. By brominat- 
ing it in acetic acid solution he obtained a tetrabromlinolic acid, meit-^ 
ing-poifit 114° C., and with the Hazura oxidation process, sativic acid, 
tetrkoxystearic acid and dioxysteario?. . Finally he states that the 
acidtstill contained oleic acid, hence its low melting-point. Kitt found 
a higher melting-point, 48° C., and that stearoleic acid 'with 'three 
linked bonds has this melting-point. On oxidation by nitric aoidth^t 
^nly obtained azelaic acid, with the Hazura oxidation processpa^veryi! 
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«maU quantity of dioxystearic aoid^^also a water soluble Aoid melting 
in the crude condition at 97® to 102® 0. S. FoWn, bji electrolytic 
reduction, obtained stearic acid with the^|iucleu8 A. Bathje 
extracted from wood oil both fatty acids, according to Warrentrap. 
The lead salt of elaeomargaric acid is insolubl^ in ether, the extraction 
is not at. all sharper well defined, as it is shown that Rathje found for 
the oleic acid instead of an iodine value of 90. ofie of 93 and the 
low melting-point of 43® to 44® C. Finally he found that wood oil 
fatty acids contains 75 per cent, of elaeostearic acid and 25 per cent, 
of oleic acid, whilst Cloez data gives 72 per cent, of solid fatty acids 
therein. 

R. Majima throws some light on the constitution of elaeostearic 
acid, the melting-point of which ho gives as 48” to 49® C. (118'4® F.). 
In am atmosphere of carbonic acid under a pressure of 12 mm. the 
elaeostearic acid boils leaving, about 235® C. (455® F.), 11 to 14 per 
cent, of a brown amorphous mass. The purified acid was dissolved 
in chloroform and ^ozonised in a freezing mixture. The result 
W’as a yellowish semi-solid, which on combustion gave an ozonido 
of the formula On boiling with water it solidified. The 

water showed the reaction, and there was isolated therefrom 
valeric aldehyde aiid the semi-aldehyde of azelaic acid, 7i valerianic 
acid, azelaic acid. The formula of elaeostearic acid is therefore 
CH3(CII,);,CH{GH2)^0H . CH(CH,)-COOH. 

It has, therefore, hkeliiioieic acid, the central double l)ond, notbe- 
tween^tlie 6 a»d 7, but between the 5 and 6 group. 

TABLE SHOWING THE CHEMICAIi AND PHYSICAL CONSTANTS OP 
TWO SAMPLES OF CHINESE WOOD OIL AND THEIK PATTY 
ACIDS. SAMPLE T. DIRECT PROM CHINA; II. FROM PlBM OF 
CARLOWITZ IN HAMBURG. (KITT.) 


Oils 

1 

11. 

III, 


Specific gravity at IS® C. 

^ 0’9413 

0-9439 

II. Rolidiftod 




by light 


Saponification value 
Iodine value . • . . ^ 

Acid „ . . . 

4. 

190-7- 191-0 

190-9- 191 -4 

191-0-191*8 

* 

157-5-158-4 

164'G 

155-2-161 


3-9 

6-95 



i 

* Patty Acids 

• 

I. 

II. 

III. 

IV. 

Helting-j^int . . I 

35.89-6'’<5. 

86*5.40 

41-46 

■ Blown at 
160-180^0;, 





2 hour! 

Neutralisation value 

197'3.197'8 i 

196*4 

198-8 


Yield of insoluble . 

82 • 

85 

— 

— . 

X<^Qe value . ? 

— 

169*5 

107-6-108-4 









474 


THE MAKUEACTUEE OF VAKNI8HES. 


The chemical and physical constants of the above two oils are given- 
under ;oils X. anddl. That given under oil III. is oil 11. solidified by 
exposure to light. The (kta given under fatty acids 1. and M. refer 
to the original untreated oil. The figures under fatty acids iri. refer 
to fatty acids from oil II. after the oil had been heated in a porcelain 
basin, and stirred by a Aiermometer until at 282° C. it solidified. The 
gelatinised mass only dissolved partially in benzene, but alcoholic 
potash completely saponified it. The separated fatty acids were dark 
brownish-yellow, with green fluorescence. After some days they 
solidified to a crystalline mass. ^ 

W. G. Scott states that : “ Assuming the viscosity of raw linseed oil 
as 4’000 compared with that of water as 1‘00, wood oil will have a vis- 
cosity of about 20, and the oil is really about five times as thick ”. 
Wood Oil Solid if yhuf -point. — The fresh oil solidifies at -f T to 
3° C., but does so only after the oil has been exposed to the freezing 
mixture for 4 hours at least. Oil kept for six months by De Negris and 
Shurlati by cold expression began to solidify at - 18° C. Again Cloez 
cooled wood oil to - 18° C. without it becoming turbid, and Jenkins 
confirmed Cloez’ results with his two samples. 

Index of Refraction. — The refractive index of wood oil was found 
by Jenkins to be 1'503 at 19° C. with sodium light. 

Opt ical De viation.—N il . 

Viscosity. — The two samples of oil analysed by Jenkins took re- 
spectively (1) 858 and (2) 1453 seconds to flow from Redwood’s 
viscometer at 60*^ F. An equal volume of water required 28 seconds, 
whilst pure rape oil took 470 seconds. There is an unaccoiintable 
difference between Jenkins’ results, which Jenkins explained might be 
duo to partial polymerisation of one of the samples. 

The Physical Properties of Wood Oil. Specific Gravity. — Wood 
oil has the highest specific gravity, viz. about 0*940, of any vegetable 
oil, except castor oil or croton oil. This high gravity is about 0‘008 
higher than ordinary raw linseed oil, and even approaches that of 
fire-boiled oil, or to be more exact, it would be better to say that 
the specific gravity of fire-boiled oil approaches that of wood oiL 
The specific gravity of all Chapman’s samples are more or less above 
0*940, and not one of them under it. But De Negris and Sburlati 
both report samples much under 0*940 (0*936)^ De Ne'gris and Fabria 
0*9343 to 0*9385. The wide differences in the recorded gravities are 
perhaps due, on the. one hand, to the oils not being derkved from the . 
same species of Aleurites. Oxidation also increases the gravity. , 

The odour of the Chinese wood oil is a very peculiar one 
adheres to the dry coating made with it ; it adheres so strqugly that 
it is plainly noticeable even after oilcioth-like goods dned in hot air 
foi'rfnonths, the same as oilcloth will always, even after years, smell 
of linseed oil. Naturally, this peculiar lard-like odour also shows^ 
itself with the varnishes produced from the oil, and it thereforq. be^ 
comes necessary to remove it by some process. 
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In the manufacture of leather, waxcloth, and linoleum, an odour- 
less ai^d cheap varnish, which will dry very quicWy, i^ a pi'ime 
desideratum. Until lately dry linseed oil wa» the favourite substance 
used, (5f late, hoAverver, wood oil has been tried, and gave highly 
satisfactory results in respect of drying qualifies, but had the great 
drawback of possessing a very disagreeable sinell, due to its auto- 
otidation products which are more and more intensive in the air. The 
following four methods were tried by Ulzer with a view of removing 
this only obstacle to its replacement of drying oil which is considtsr- 
ablydear: 1. Ejttraction of the odorous bodies by solvents. 2. Ex- 
traction of the odorous bodies (which are possibly aldehydes and 
ketones) by sodium bisulphite. 3. Treatment with substances at the 
same time bleaching and deodorising. 4. Treatment with su)>erheated 
steam. 

1. The solvent principally tried was alcohol, in strengths of 20 



Fio, 114.— Oxygen absorption, per cent, by weight of wood oil. 


and 40 per cent. When the oil had separated out after having been 
shaken up with the spirit, it was dried in a stream of warm carbonic 
acid. It is true that the disagreeable smell was diminished, but the 
results jvere unsatisfactou^', even without regard to the cost of the 
method. 2. Deodorising by liedncmg Agents. — This method was tried 
by boiling the oil for 6 hours with twice its volume of a lO'" B. solution 
of sodinm bisulphite with a reflux condenser. The oil was then 
* washed with water from the excess of bisulphite. Its evil odour was 
Bot then appieciably less. This shows clearly that the malodorous 
substances present are neither ketones nor aldehydes. 3. Deodorismj 
ffy Animal Charcoal. — Animal charcoal, silicate of magnesium, and 
the^ residue* of the manufacture of potassium ferrocyanide were tried, 
“Vithout success. 4. Deodorising by Blowing with ISuperheated Steam. 
— By this method very interesting results were got. The first trial co»i- 
^isted in blowing superheated steam at 130° C. through the wood oil for 
8*hoAirs. The nasty smell was perceptibly lessened, but the oil partly 
solidifiedion cooling. When the .steam was used at 165° C. a marked 
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diminution of the ^ bad odour took place, even in 2 hburs, and in 5 
there was, verydittle smell of any kind, what there was being much 
iliketh^t of linseed oil^ In 12 Wrs the oil had begun ^t<£ deposit 
and had regained some of the disagreeable odoun This recrudescence 
•of the smell was, however, only slight when the oil was cooled with- 
out contact with air, s\iowing that the action of atmospheric ^oxygen 
has probably something to do with the formatioil of the evil-smelling 
•substances. 5. Deodorising by Air Bloiuing , — Attempts to conceal 
the bad odour were made, especially with birch-tar oil, but were 
quite unsuccessful. 

Bang and Euffin claim to completely deodorise the oil by blowing 
for 6 to 8 hours at 50° C. 

CHEMICAL' AND PHYSICAL CONSTANTS OF WOOD OIL. 


{Refractive Index, 1‘503.) 


Observer. 

Densitv 
lit 15'^ 0. 

Solidification- 

punt. 

Helmer’s 

Value. 

Sa})omfi- 

cation 

Value. 

Iodine 

Value. 

Davies and Holmes . 

0*040 



211 

_ 

De Negri and Sburlati 

0*036 

— 

— 

156-172 

159-161 

Jenkins • . . | 

0*9343. 

0*0385 

j below -17°cJ 

96-96*4 

194 1 i 

’ 149*7. 
166*7 

Ulzer . . . . 

— 

i ^ 

— 

194 ^ 

162 

Williams . . | 

0*9415- 
i 0*9432 

|) = 

96*8-96*6 

y 190*7 
\ 196*1 

166*4 
' 166*6 


FATTY ACIDS. 


Observer. 

Melting-point, 

®C. 

Solidification- lodiae 

point, ° C. Value. 

Heat of 
Brominatiou. 

De Negri and Sburlati . 
Jenkins .... 
Williams . 

43*8 

80-37 

40-49*4 

31*9 1 159*4 

34*0 i — 

87*1 144*1-150*1 

A. 

21-22*1 


Until lately the only literature on wood oil consisted of short papers 
by Davies and Cloez, but a large number of workers have tecently 
busied themselves with this product, such as Holmes De Negri and’ 
Sburlati, Jenkins, Williams, Fraps, Jean, Kitt, Milliau, Chapihaii, 
•and others. . - 

Their results are so far given in the table. 

^ A. »C. Chapman has recently given the analysis of seventeen 
samples of Hankow wood oil, which are reproduced in the following 
stable 
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CONSTANTS OP WOOD OIL (CHAPMAN^. 


Sample 

Iodine 

Specific 

Oravitv 

Sftponirt- 

catimi 

, 

Hefractive 

*Time of 

Heat Polpierlsa^ 

Index at 

Ettlux, 

tion Teat, 1 Hour 

No. 

Value. 

at 15*6® C. 

Value. 

20n\ 

^ouds. 

at 280° C. 

1 

1699 

0*9410 

190*6 

1*5207 

2178 

Very hard. 

2 

168*4 

0*9406 

193*8 

1*5181 

1636 

Hard. 

3 

166*6 

0*9425 

194*3 

i*5idb 

1946 

Fairly hard. 

4 

166*4 

0*9417 

193*0 

1*5170 

1880 

Very hard. 

6 

168*8 • 

0*9430 

195*6 

1*5195 

2017 

6 

170*0 

0*9440 

194*5 

1*5180 

18-19- 

Hard. 

7 

168*6 

0*9416 

1930 

1*5150 

— 

Fairly hard. 

8 

171*0 

0*9414 

192*0 ' 

1*5170 

1 — 

Hard. 

9 

109*7 

0*9437 

1941 

1*5170 

! 1097 

„ ! 

10 

173*0 

0*9420 

192*5 

1*5165 

1 1722 


11 

176*2 

0*9417 

;92*0 

1*5168 

: 1605 


12 

i 172*6 

0*9420 

196*0 

1*5180 

1 1740 


13 

j 174*2 

0*9427 

191*0 

1-61H-2 

' 1690 


14 

173*7 

0*9420 

195*0 

1*5194 

; 1820 


16 

172*8 

i o-g-^o 

19-1*0 

1*5193 

' 2()-i7 


16 

169*5 

i 0*9420 

195*2 

1*5160 

: 1804 

1 Very hard. 

! 

17 

169*0 

j 0*9433 

195*2 

1*6187 

1820 


There appeared recently a paper hy Dr. 0. D. Holley and J. P, 
Bichards upon Chinese wood oil, in which they state that examina- 
tion of a large number of samples of this oil during 1916 has proved 
that a High proportion were adulterated, but those which were 
passed proved to be very uniform in quality, the “ turning-point" 
(i.e. abnormal dispersion) being 20 to 21, which is considerably 
higher than those shown during the three preceding years. The 
authors state that if the “turning-point” and the acid value of an oil 
be known it iS comparatively easy to predict its behaviour in the 
varnish kettle, the high “ turning-point ” oils being by far the best for 
this treatment. The ‘turning-point” test, as worked out by the 
authors, is regarded by them as far superior to any form of heat test 
or other method of testmg quality. The improvement of testing, 
especially the fact that the purity of an oil can be put on a numeric^ 
basis, led the authors to the conclusion that probably still purer oils 
having higher turning-points” might be obtainable, perhaps ap- 
proximating to the pure oleoinargaric acid glyceride, which, accord- 
ing to their investigations, has a turning-point of 25 to 25*5 at 25® C. 
’With this idea in view, several samples of the purest wood oU obtain- 
were got direct from China, and on examination the authors’* 
View proved to be entirely correct, as shown by the following 
, table 
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< 

Acid Value. 

Tuniing-pomt 
at26'^C. ' 

1 . . . . 

7-3 

28-6 

2 . . . . 

2*5 

20-5 

13 

3-7 

23*9 ; 

14.... 

7 '6 

22-3 

i 5 . . . . 

1-4 

24*9 : 

6 . . . . 

' G-6 

i 22-5 

1 Average . '. 

I — 

1 28-0 

1 

i 

' 



A comparison is also made of three of these oils with an average 
1913-15 oil by a slightly modified Browne heat test, the temperature 
of heating being 282' C. : — 



Oil. 

Tnniing- 

' Afiil Value 

Heat Test, 
Time of 



point. 

, 

Soliilificatiou. 

1 

1918-15 

15-0 

2-0 

10 min. 55 sec. 

2 

1910 

20-5 

2*5 

10 min. 

3 

Special 

1 28*0 

7-8 ,! 

10 min. 15 sec. 

4 

„ 

28-il 

3-7 1 

8 min. 65 sec. 

® 

1* 

20*5 

■ 2-5 i 

1 

10 min. 


It is clear from these tests that the tinu required for gelatinisation 
varies inversely as the turning-point, and, with the turning-point re- 
maining constant, the time varies directly as the acid valde. The 
behaviour of the oil in the kettle thus depends mostly upon the turn- 
ing-point and to a lesser extent on the acid value. Now that ade- 
quate methods of examining Chinese wood oil have been devised, 
there is every reason to believe that better qualities of this oil will be 
supplied than was formerly the case, hut the writers are of opinion 
that the methods laid down by the American Society for Testing 
Materials are inadequate, seeing that they allow oils adulterated to 
as much as 15 per cent, to be classified as pure oils. 

■ A quarter of a century ago Chinese wood oil or tung oil from 
Aleurites Fordii was almost unknown to European or American 
varnish-makers and oil-boilers. Two decade? ago it tame more often 
than prior thereto on the European markets, and eventually it reached 
America, where it was adopted forthwith, and so far ipacje its way that 
much of the special technical literature of the subject, if not the 
whole, is of American origin. Both in America and Great Britain^Jm-* 
porters have vied with one another in striving to find new markets 
for the oil, yet there are many interested persons who even now have*«< 
ne adequate conception of the peculiarities and all-round usefulness 
and possibilities of this oil. For three decades its peculiarities havfc 
been investigated by many chemists, and so successful have the^e ijfr 
vestigations been that at the present day it may well be ^id that 
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these peculiarities have all l>een brought under control. The unruly 
•oil has been tamed. Abortive attempts have been mj^do to acclimatise 
the treg from which the nuts that yield the pil are obtainecl. f he ex- 
periments somehow did not succeed. In Chftia it is used as an illu- 
minant and for fuel, but its consumption is chiefly as a varnish for 
boats (junks), houses, and furniture. It is <llso largely used in the 
varnishing of the native umbrella, and in the maiuifacture of water- 
proof cloth, whilst it is practically a necessity in the manufacture of 
the finest silks. Of late years it has eNt'u been used in the building 
of forts, forming with lime, sand, and clay a material almost as tough 
as granite. In the western provinces the oil is adulterated to lessen 
its cost and to bring it into consum])tion for “coarser” purposes. 
Owing to the distance which the product has to he brought to export 
ship, the great cost of repacking (an ahsoluu* lu'cessity) and freight, 
its lay down price is heavy. 

The oil, particularly when freshly jn-essed, is somewhat poisonous, 
80 also are the nuts and kernels. This is well known to the C'hinese. 
The cake is therefore^calcined to lanpvhlack. It cannot V(!ry well be 
burnt to ash, hut what is done with tlie charred residue is not known ; 
possibly it too is used in making India ink. At any rate, the cake 
cannot bo li^ed as a feeding-stutV, although it might possibly he used 
as a manure. 

According to a United States consular i’e])ort, the (>hineH(‘ oil tree, 
to which the writer of Uiat leport erron(*ously gives th(i botanical 
name o^*Aleurj^es Cordaia, belongs to a family v(‘ry common in China, 
to which the name of tung is given. Th(‘ oil tnai itself is called 
Ying-tzu-tuny, so called after the sha})e of its fruit, ying, meaning 
bottle. It is a small tree, growing to a height of 10 to 15 feet in 
atony ground and chiefly in Hunan, llul'eh, and Szechuen. The tree 
has been successfully acclimatised in the Southern Shan States, be- 
tween 1500 and 3000 feet in altitude, and to some extent also in 
Burmah, Assam, Sikkim, and Nejial. It is freipiently met with near 
Buddhist monasteries, though in some localities it a}>pear8 to have 
escaped into the neighbouring jungles. It is said that in the Southern 
Shan States the tree gfows (piickly and is easily projiagated from 
seed. A tree 5 years old attains a height of about 16 feet, and when 
8 to 10 yearsiold coines into full bearing. The fruit ripens in the 
'S^ian States about October or' about 3 months later than the fruit of 
the candle-nut tree Aleurites triloba. It is believed that, were a re- 
munerative demand to arise, in a very few years the supply of wood 
^il,*from the Shan States would be limitless. In China the fruits, 
wfiich are gathered in August and September, contain five to seven 
large poisonous seeds. Of the Japanese wood-oil tree it is said that the 
tree flowers at the end of May or beginning of J une. The fruit ripens 
►in autumn. Three to five seeds are contained in each fruit, whicn is 
something like our walnut. They'alTord an oil to the extent of per 
cent., \^ich is cold-pressed in ordinary practice to the extent of two- , 



Ihirdfil of the poslible yield. oil is faown io JajMWi by^the 
of Dokuyenoaburp,, and serves for filling the pores of wood before it 
coated with' lac, or it is used when desired to protect wood against ^ 
moisture. * , ' . 

From information procured from the Southern Shan States 
appears that the tree is fairly plentiful and the oil regularly prepared: ”* 
although the demand is but limited. It has been estimated that ’the 
nuts of each tree might yield 60 ounces of oil. The kernels are first* 
pounded, then steamed in a basket placed over the mouth of a pot in 
which water is boiled. The basket is next placed \^ithin a piece of 
bullock's skin, and the whole deposited in the oil-press and compressed.. 
The oil escapes into a vessel placed below for its reception. It is 
much more highly appreciated than candle-nut oil from Aleurites 
triloba. It is known in Kengtung as Makyauhkai and near Fort. 
Steedman as Kangyin. In China the oil is said to be obtained in a 
similar manner to earth-nut oil. The nuts are collected, dried, and 
placed in an ordinary Chinese reiskwo (a shallow iron vessel 2 feet in 
diameter) which is put over an open fire. Th^y are then ground to 
powder by stones and pressed in wooden presses. The substance that 
is left in the press is afterwards carefully calcined, and the soot sO' 
obtained is used in the manufacture of the so-called India ink or 
Chinese ink. 


ANALYSIS OP WOOD OIL NUTS. 



Kernels. r* 

SheUs. 

t. 

Water 

3-98 

6-24 

14-40 

Crude protein . . . . . 

19-02 

21-57 

2-60 

„ oil 

67-42 

47*80 

0-04 

Nitrogen extract .... 

12-08 

17-27 

27-62 ' 

Crude fibre 

2-68 

3-02 

50-61 

Ash 

j ■ 3-C2 

4-10 

4-80 


The nuts when cold-expressed yield about 35 per cent, of a clear 
colourless oil and about 44 per cent., on extraction with a solvent^ 
carbon disulphide. De Negri and Sburlati give 63’25 as the yield by 
extraction by solvents and 42 per cent, by cold ex{;re88ion. Hot 
expression gives a better yield at the expense of the quality of the oil; 
which is brown with a piercing unpleasant smell, and is not so m|ch 
appreciated on the market. 

Cloez states that the oil extracted by him was odourless, but ^he. 
oil obtained by De Negri and Sburlati by cold expression had a pe- 
culiar smell, like that from second-pressed castor seed. 

The crushing of wood-oil nuts has unfortunately not yet been done 
on a manufacturing scale in Europe, as there seems to 1^ some donbi; 
both of regularity of supply and value of press-cake. * a 

There are no reliable statistics of the Chinese wood-cfil nut'^hi^ryesW 
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In 1899 Hankow and other Chinese ports exported about 30,000 tons 
of wood oil, and it is considered that China herself raises Rouble that 
quantijy. This would make the total outpirt^of oil al)out iX),000 tons, 
and of nuts about 160,000 tons. The nuts themselves are not ex- 
ported. It seems fairly certain, however, that a real demand would 
soon be followed by an increase in the cultivation of the nut. The 
well-known variability in the quality of wocal oil is due on the one 
hand to its coming from different species of Aleurites, which are as 
yet imperfectly known, but many of which are confused with Aleurites 
Ford a, the true source of Chinese wood oil, and on the other hand to 
the very primitive manner in which the (3nnese extract the oil. The 
ex}>orters at Hankow recognise three sorts: pai-yu, hsin-yu, and 
hung-yu, but do not themselves know whetlier the differences are due 
to different sources of origin or to one being a lirst, another a second 
pressing, or one being hot pressed and another cold pressed, or Other 
differences having existed in their treatment. Tlie investigations, the 
results of which ar^ given below, were carried out with a small 
quantity of nuts, of which the exact locality of origin is unknown, 
except that it is Chinese. A slightly modified form of avachis-shellcr 
was found extract the kernel perfcictly, and the kernels we,re 52 
per cent, of the \veight of the whole nut. The shells are of no value, 

^ and this is a matter of great importance, for it is evident that freight 
would be saved if the nuts were shelled in China. It is true that the 
kernels^are very prone tef become rancid whe.n deprived of the protec- 
tion of* their «hell, hut they would not suffer during the voyage if 
packeil air tight. The kernels gave 58’7 ])er cent, of oil by extraction 
with ether. A pressure of 350 atmospheres on the other hand, at 
28’ C., only gave 43'0 per cent. The residue from this iiressing, 
.when broken. off and again subjected (between rollers) to a pressure of 
350 atmospheres at 65^" ('..gave ]0’7 per cent. of the 15'7 jier cent. still 
remaining. Thus the total yield was 53’7 out of a possible 58*7 per 
cent. Hence the yield reckoned on the whole nut is 22*36 per cent, 
on the first pressing, and 5*56 per cent, on the second, with 24*08 per 
cent, pf oil cake. The^il from the first pressing was a pale yellow, 
and that of the second a pale orange, and more viscid than the first. 
The constants of both oils agreed substantially with those already ob- 
. tained by other investigators. It was found, however, that by picking 
jihe nuts before pressing and rejecting any that showed any sign of 
rottenness, ihe«acid number of the oil of the first pressing could be 
brought down to 0*9. The oil has also no longer the disagreeable 
characteristic wood-oil odour, and can be kept for weeks in a well- 
^toppered bottle without developing it. If exposed to the air, how'- 
ever, it quickly acquires it. Tfiis seems to confirm Ulzer’s opinion 
that the development of the smell is a result of oxidation. But ^s- 
sibly the oil could easily pass through a sea voyage, in w'ell-filled and 
•clocely stoppered vessels, without acquiring any of the disagreeable 
odour.# The press-cakes are very poisonous, and contain 53 per cent..* 
VOL. 1 . 31 
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of proteiil and 12*1 per cent, of fat. The Chinese use them for 
manure, and als6 burn them for the manufacture of lamp-black. If* 
some means could be discovered of extracting their poisonous in- 
gredients the high percentage of protein which they contain would 
make them an excellent fodder. 

To the importers tne package question has been a serious one, 
as much loss resulted in transportation, the loss by leakage amount- 
ing to as much as one-tlyrd. In order to overcome this, * one 
firm of New York importers sent staves, heads, and hoops for 6000 
barrels to Hankow to be put together, and filled with the oil there. 
With American firms entering into competition in its importation, 
improvements in service and more regularity, in the way of supplies, 
may be looked for, the shipping and importing having heretofore been 
in German and English hands exclusively. The quality of the oil 
is defined by the term Hankow and Canton China wood oil, the latter 
commanding higher prices by 10 per cent. 

Light alone, without air, is said to cause .^vood oil to dry. Ex- 
posed to light for some time, the length of which depends upon the 
time of the year, wood oil slowly becomes solid. At first there is a 
deposition of solid stearine-like particles, but in time the whole 
mass solidifies ; at the same time the oil loses its yellow colour and 
turns white. On heating, the solid melts, but reforms on cooling. In „ 
thus solidifying on exposure to light, tung oil ditfers from other oils. 
Poured in a thin film over a glass plate, wo6d oil takes about 2 days 
to dry, being, therefore, quicker in its drying capacity than raw 
linseed oil, which takes about 3 days to dry. Unlike other drying 
oils, wood oil does not dry from without inwards, but the process goes 
on simultaneously through the thickness of the coat of oil. The dry 
film left by Chinese wood oil has a different appearance to that left 
by linseed oil ; it is duller and more opaque, which is rather against 
its use in painting, and, besides, the coat or film is crinkled and rough. 
Linseed oil leaves a smooth and bright film. This opacity appears 
to be due to the presence of large percentages of mucilaginous and 
albuminous matter, and at low temperature^ the oil becomes, waxy, 
settling out organic salts similar to the stearates. On account of 
this peculiarity it cannot, like linseed oil, be used in the raw or crude 
state and requires special treatment, but, even then, it must not be. 
considered as a substitute for linseed oil for use in paint, and In 
the manufacture of varnish, but rather as a valuable adjunct to prompt • 
thickening and other important drying properties. 

Wood oil is well adapted when properly handled for mixing wUh*. 
linseed oil, the latter component giving elasticity and the former 
hardness and resistance, as well as an increase in drying properties. ‘ 
When heated to 200° it thickens ; at 260° to 280° C. the oil gelatinises, 
but the jelly does not stick to the fingers. It should therefore not*^ 
be heated above 180° C. 

Heating Chinese wood oil appefira to have no material ififluenoe 
in accelerating its drying power. 
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The behaviour of Chinese wood oil under heat is peculiar, and 
sharply differentiates it from other oils. Maintained at*a teftipera- 
ture of*212® F. for some days, it slowly gelalkiises, the jelly, which is 
formed, not being liquefied by heating. Heated up, it, like ail other 
oils, becomes thinner and more limpid ; it d(ies not darken so much 
in colour as linseed oil ; heated to about 550® to 560® F., it sets almost 
immediately into a transparent jelly, which is permanent on ex- 
posure to the air, and has an appearance and consistency recalling 
t/iat of india-rubber. This jelly is not melted by subsequent heating, 
and it is quitS insoluble in hot oil, benzol, turpentine, petroleum 
spirit, alcohol, and similar solvents. 

Boiled wood oil, if prepared at a low temperature and without the 
addition of driers, is always more viscous than linseed oil. In laying 
it on a surface, therefore, it is more difficult to get a thin layer. A 
surface varnished with wood oil which is too thick, has more of the 
varnish on it than is necessary. The surface of this layer dries 
quickly, and having 7)ehind it the still liquid portion, is enabled to 
draw together and wrinkle. This does not hap|:H‘n wlien the layer is 
thin enough to dry through. For this reason, in using wood oil varnish, 
it is essential to note its thickness, and if necessary thin it down with 
turps. The same thing may be noticed with linseed oil varnishes, if 
• not properly thinned, or too thickly laid on. Too large a proportion 
of driers also causes wriykling for the saiiu^ reason as the excess of 
driers thickens the oil. 

TABLE* SHOWING THE ACTION OP HEAT AT DIFFERENT TEMPERA. 
TURES AND FOR DIFFERENT PERIODS OF TIME ON THE 
CHEMICAL CONSTANTS OF WOOD OIL, AND OF WOOD OIL 
MIXED WITH A CERTAIN PROPORTION OF LINSEED OIL. 
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The 3il does not appear to possess much solvent properties for 
driers'esp^ially W the linoleates and rosinates of lead and manganese. 
Driers may be preparedr trom the oil preparations of lead and man- 
ganese, similar to linoleates, which act more efficiently with linseed 
oil than any other pijeparations. The use of these preparations 
has been described in an English patent, where they are called 
“ tungates 

On heating wood oil wi/.h rosin only, the acidity of the latter is 
atfected, but that is greatly decreased, whereas, the acidity of a mix- 
ture of linseed oil and rosin is increased. " 

TABLE SHOWING DECREASE OF FREE ACID PER CENT. IN HEAT- 
ING A MIXTURE OP ROSIN AND WOOD. OIL. 


Free Acid, 
per Out. 

Wood oil 11-0 

„ heated to 200'^ C 10-7 

„ „ to 245° C I. . . 7’6 

Rosin heated to 300° C. 29B‘2 

,, and wood oil heated to 300° C 63 -4 


In heating wood oil for the purpose of making vaVnish, it must 
always be borne in mind that the temperature must never exceed 
180° C., as the oil then gelatinises and will not mix with the othei’^ 
ingredients of the varnish. But with car;e, the result is invariably 
extremely good. If the oil be heated with a drier and theR thinned 
with French oil of turpentine, the result is always good, although pro- 
longed stirring is necessary. Experiments have shown that borate of 
manganese is not a suitable drier for wood oil, but borax answered 
extremely well. Mixtures of wood oil and linseed oil were also tried ; 
the varnish dried in 24 hours on glass, and after a little became per- 
fectly hard and transparent. But when the dried varnish was ex- 
posed to the weather, damp, dew, and' rain, loosened its adhesion — 
which was, however, fully restored by exposure to dry air or sunlight. 
On wood, the varnish resisted very much better, especially when 
mixed with zinc white. The following are lypical experimems made 
on wood oil : {a) Fifteen pounds of wood oil having been warmed up, 

6 lb. of lead acetate were added to it, a little at a timQ, the heat being 
kept up until solution was complete. Ten pounds of gum resin “were 
then added, and when this was melted the varnish was thinned with ' 
10 lb. of French turpentine oil. The varnish so prepared dries in 10 
hours. A coating of it on tinplate, which was then steeped in 9 . 
solution of sodium carbonate for 24 hours, was not affected, except,* 
as regards its colour. The latter was made somewhat paYer, but tlie^ 
adhesiveness of the varnish was not diminished. Varnishes made 
with linseed oil and subjected to the same treatment were practically, 
destroyed by the alkaline solution, and could be afterwards removed 
without difficulty, (b) Ten pounds of rosin were melted up with'5 ife. 
of borax. On to this mixture 15 lb. of wood oil were pou^. The 
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whol^ was then heated up and mixed with 20 lb. of French turpentine 
oil. The varnish thus obtained dried mpidly for the*firflt hour, ^ut as 
soon a* the turpentine had all disappeared rate of drjdng became 
very much slower, and after 15 hours the varnish was still sticky. This 
seems to indicate a good varnish for gilding. ^The varnish was com- 
pletely dry in 48 hours, (c) This experiment resulted in a very good 
varnish, which, however, requires very great care in its preparation. 
Fifteen pounds of wood oil were mixed*with 2 lb. of “ gum ” resin 
and driers, and the mixture was heated to frothing. Then 10 lb. of 
rosin were add^d, and when the latter was molted the heating was 
continued to as high a temperature as possible without gelatinising 
the wood oil, careful stirring being kept up until the li(piid began to 
stiffen. The vessel wa& then removed from the fire, and 40 lb. of 
French turpentine oil were carefully and thoroughly stirred into its 
contents. The varnish so prepared looks a bit turbid at first, but be- 
comes quite clear within 14 days. Sjiread on glass, it dries to a hard 
and elastic coat in 8 hours or 10 at the most, and on wood it dried 
in 5 hours. When applied to glass it had a fine lustre, and was en- 
tirely transparent. Any resin can be used for this varnish provided 
* its melting-|3bint is lielow 180', as is, for example, the case with soft 
rnanilla copal, (ri) ^The varnish made by this process would suit ad- 
I mirably as a thinning medium for stiff paint. The ingredients were 
15 lb, of wood oil, 15 lb. pf linseed oil, and 4 lb. of rosin. After the 
usual heating, the varnish is thinned with 20 lb. of French turpentine 
oil. Tihe varnish so prepared dries within 24 hours. As aliove men- 
tioned, its adhesion is destroyed by damp. In sfiite of containing 
linseed oil it always retains a whitish tinge. 

The peculiar property of wood oil for thickening to a jelly-like 
substance when heated to about 300" C., and its tendency to dry with 
a fiat, “crawly" surface are well known, likewise the removal of this 
objectionable property by the use of rosin or linseed oil. It may be 
used alone if very carefully treated, but must be handled with great 
caution, or mishaps will occur. Its present crude method of extraction 
seems* to give a rathe/ variable product, and it cannot be always 
depended upon to behave at all times in exactly the same way. 

Manganes% rosinate when boiled with wood oil in generous pro- 
’pprtion gives very satisfactory results in preventing flatting and 
crawling. The following formula is recommended as giving a cheap 
but very fine wearing varnish of good colour ; — 

. *250 lb. China wood oil, heat to 200" C., allowing no increase above 

’ this temperature. Add 8 lb. manganese rosinate fused and boil to 
flesired consistency at 200" C* Add 80 lb. hardened rosin fused. 
When cooled to 125" C. (257" F.) add 250 lb. benzine. ^ 

i If water-white rosin is used it will give a still paler varnish. 
Jf properly made this varnish >^ill dry quickly and hard, and stands 
oudide exposure* in a remarkable manner, though the percentage of^ 
rosin is small. Hard zinc rosihate may be used instead of hardened 



,486 


the MANUFACVUBE of VAENI8HE8. 


rosini to produce a quicker, harder drying varnish, And is said to give 
gplendtd results.* A much cheaper varnish is produced by the 
following formula :— 

2501b. China wood oil. 


400 lb. hardened rosin. 
450 lb. benzine. 


Treat as before. _ ^ . . 

This cheap grade varnish, it is claimed, will stand ovtside exposure 
for two or three months before showing any signs of deterioration. 

It has a splendid gloss, and on the whole is very satisfactory looking 

at the low cost. i r n . 

An excellent grinding japan may be made as follows : 

250 lb. China wood oil heated to 200" C. , , . v 

Add 20 lb. manganese rosinate, and heat at 200" C. to the desired 

Add 100 lb. zinc rosinate, heat until thoroughly mcoiporated, 
withdraw from fire and allow to cool. 

Add 400 lb. of turps. ‘ 

A good cheap furniture and rubbing varnish can be made 1)> 
mixing 2 lb. of the above with 1 lb. medium heavy gloss oil, and , 
a satisfactory floor varnish by mixing 4 lb. of the above with 1 lb. of 

^ The relative proportions of turpentine or benzine <as thmners in 
the above varnishes can be varied at will, but on the whole, they 
contain so great a percentage of oil, that a large proportion o thmners 
is not necessary to make them brush nicely and flow smoothly. 

The peculiar flatting property of wood oil has been utilised to make 
flatting varnish without the use of wax. A very prominent American 
brand is produced by the following formula : Emulsify 10 ga ons 
China wood oil by boiling in an ordinary varnish pot with 11 gallons 
water, in which is dissolved 8 lb. soda ash and 1 lb. granular caustic 
soda. Dissolve in a separate vessel 20 lb. alum in 20 gallons.yrater. 
When the oily mass drops heavily from the stirrer, add 22 lb. rosin, 
powdered so as to melt quickly. After thorough incorporation, add 
the alum solution, which will cause the whole mass fo separate on . 
stirring. Allow to stand overnight, run off all Aie water possible, 
heat until the remainder is driven off, and dissolve . residue in /Q 
gallons turps. To produce the flatting varnish, mix this with equal 
mrts of manila or kauri varnish. Many technical writers agree that 
this oil will become of greater importance in the near future ; t^ 
much stress cannot be laid upon working it carefully and with intelli- 
genG 3 ; ihe peculiar properties make its use a constant menace other- 
wise. Despite the objectionable featiures of this oil, it has been used 
with great success by some, and those varnish makers, who have not* 
daken it up, or have been unable to .manipulate it satisfactoiwy, are 
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gradually finding themselves outdistanced by their more successful 
rivals in the manufacture of such varnishes. • • # 

Affer much money and time has been etj)ended in researches and 
experiments, and millions of pounds of the oil wasted, the general 
conclusions arrived at is, that this oil requyes Iwiling with lead or 
manganese compounds, but in a differetit way from that of boiling 
linseed oils, which can he raised to a temperature of 320° (588° F.), 

while China wood oil must under no consideration he heated by itself 
alone to over 180° C. (356° F.). While some of the oil, off and on, 
may stand a temperature of 200° C. (392° F.), it is liable to go with 
great rapidity into a jelly, that is of no use whatever, even at a much 
lower point. The safest way to treat the oil and make it lose its opacity 
on drying is to heat it in a portable pot over a moderate fire, to 160° G. 
f320° F.), and as soon as the temperature reaches 180° (’. (356° F.) 
remove the pot from the fire and stir into the still simmering oil 
the quantity of drying compound, which must he in fine powder, that 
it is thought best to^employ. Manganese compounds, especially the 
borate, tend much more to gelatinise, the oil on being heated t(X) highly^ 
thjin with lead compounds. As to the use of lead products, either 
litharge or ted lead may be used, the fornuir jireferably. Two per 
cent, of the weight*of oil is sufficient for ordinary ])urposes. In case 
the use of manganese is desirable, borate of manganese should be 
employed, but should not exceed ^ per cent, of weight of oil even 
i per cent, may be sufficient to keep it transparent. Limd rosinate^ 
niang|*nese r^sinate, lime rosinate, in fine ]>owder act similarly, but 
must not be used in excess. Wood oil is seildorn used by itself, 
hut mostly in admixture with linseed oil to which it is claimed im- 
parts a greater degree of elasticity, hardness, and imperviousness. 

In a recept article on the manufacture of fiat wall paints W. G. 
Scott makes some very useful suggestions regarding wood oil. He 
states that the regulation jellying-point is supposed to be 540° F., but 
the rate of heating has very much to do with it, for instance, long- 
continued heating at 392° F. (200° C.) to 450 F. (232 2° G.) converts 
it into an insoluble jell^; on the other hand, it maybe heated quickly 
to 620° F. before it commences to string or thicken, and in some cases 
it will not je|j[y until cooled back to 540°. Only a few moments are 
required for the oil tcT thus solidify, after it begins to string, but if a 
certain amount of rosin, 2 or more lb. per gallon, be added just on 
the point of stinging, the reaction is prevented and the mixture re- 
mains liquid. Some driers accelerate and some retard the jellying of 
vH)od oil, and it is a knowledge of this action and the proper heat 
ireatmeift which enables the ^garnish-maker and paint manufacturer 
to produce a wood oil, which will dry flat without a crystalline surface. 
A mixture of 80 per cent, treated wood oil and 20 per cerft. of 
treated linseed oil forms an excellent vehicle for flat wall finishes. 
Pigments ground in this mixture are apparently too thick for the 
brush, %ut work as freely as oihaud level out perfectly. Furthermore^ 
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the paint 'flats down to a surface free from brush marks and dther 
imperfections. 

Wax is an ingredient used in some of the flat wall finishes, and it 
adds greatly to the waterproofing quality. It is essential that a white 
wax be used, and good results are obtained with Japan wax. Paraffin 
wax may be used if desired, but it retards the drying. 

A flat, waterproof wax-oil formula is as follows : — 

32 gallons (251 lb). China wood oil. Heat to 420" F., then add 
8 lb. Japan wax. Stir well, allow to cool to 320" F., then thin with 
16 gallons wood turpentine. Finally add 1 gallon* concentrated 
varnish drier. 

This oil when ground with pigments dries with a dull egg-shell 
surface and the paint is exceedingly waterproof. 

For a cheap “ Factory White ” the following pigments are ground 
in 1 gallon of the above oil : — 

15 lb. lithopone. 

4 lb. zinc oxide. 

I 11). asl)estine pulp. 

The paste so produced may then be thinned to brush consistency 
with more of the al)Ove wax oil, or reduced with turpentine or benzine. 
If preferred, whiting may be used in place of asbestine pulp, but the 
asbestine helps to hold the pigments in suspension. The w'ax also 
helps to hold up the pigment. 

To make a China wood oil varnish for blending with the cheaper 
grades of linseed oil and rosin or soft copal and dammar varnishes, 
the following method appears to be best : — 

Run through a mill and grind well together, 32 lb. varnish-makers’ 
lime flour, 6 lb. hydrated oxide of manganese, 12 lb. powdered litharge, 
and 6 gallons boiled linseed oil. Bet aside until required. In 
a varnish pot of 100 gallons capacity place 200 lb. crude China w^ood 
oil and heat slowly to between 160" and 180" C. Before the maximum 
temperature has been reached take pot from fire and stir in at once 
15 lb. of the drying compounds alx>ve mentioned ; keep stirring until 
the driers are well incorporated, then return Ifc) fire and add 200 lb. 
rosin that has been melted in another kettle, but keep temperature 
well down to 160° C. When oil and rosin are well n^xed, take pot 
from fire and thin in the usual way with turpentine or benzine to ' 
proper consistence, filter and store. 

Chmci Hood Oil Varnishes with Direct Method : Pale Fnrnitim 
Varnish . — 4 gallons varnish-makers’ bodied linseed oil and 50 lb. 
pale rosin are heated in the kettle to a temperature of 140° to 150° C. 
(288° and 302° F.), the rosin being added after oil has reached 212°‘ F.' 
When the temperature of 150° C. (302° F.) has been reached, 6 lb. of 
the finely ground lime and driei-s in oil, above referred to, are stirred 
in, and when this has been taken up, '5 lb. of China wood oil is added 
and the boiling continued about 10 minutes, when ‘pot is ^emo^^ed 
from fire and contents thinned in the usual way with turpentine or 
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benftine or a mixture of these solvents, about 10 to 12 galtons being 
required. This batch will produce from 20 to 22*gallo»8, but at no 
etage*of the process must the temperatuAi exceed the maximum of 
302'" F. A harder drying but much darker varnish can he made by 
boiling raw oil and rosin together at a tempeijiiture of 280^ C, (536'' F.) 
to a thick consistency, then allowing the temperature to go down to 
180® C. (356'' F.), and stirring in the 6 Ih. of drier in oil and the 5 lb. of 
(’hina wood oil. in the same manner as^s followed in the pale varnish. 

Durable Air Dryhuj Varni.sh for OuUide Worl\—bi)\h. boiled linseed 
•oil, 10 lb. ChTna wood oil, and 40 lb. pale rosin are heated to 160® C. 
{320® F.). When the oil and rosin are well uniUal, a mixture of 8 oz. 
litharge, 2 oz. hydrated oxide of manganese, and 4 oz. lime ground 
hne in 1 quart of boiled linseed oil, is stirred in, and the temperature 
*kept betw^een 300’ and 320" F. until the driers are taken up, then the 
pot is taken from lire and the contents thinned with from 8 to 10 
gallons turps, or a mixture of turps and bimzine. This batch will 
produce from 20 to^2 gallons of a ])ale and fairly durabbi cheap out- 
side varnish. The boiled linseed oil referre<l to is understood to be 
linseed oil boiled with drie‘r, to the consistency of syrup of honey. 

Japan *Varukli intli (Aiina Wood Oil. — To the initiated it is no 
secret, that ordinafy rosin varnishes, no mattt*r how much oil they may 
•contain in proportion to the gum, are not well adapted for japanning 
on metals. This defect can be remedied to a great extent by the 
introduction of a small portion of wood oil. A varnish made by the 
Jollo^ing foii'nula wull dry in oidinary air in from 36 to 48 hours, but 
when placed in an oven will bake hard in 6 hours at a temperature 
of 180 ’ F. without ])erceptible discoloration : 7 gallons bodied 
linseed oil and 8 lb. C'hina wood oil are heated to 150 ’C. (302® F.), and 
while 4 lb. of the driers ground in oil are stirred in, the temperature is 
allowed to rise to 180" C. (35()® F.) and held there until the driers are 
taken up, when 40 lb. hardened rosin, melted in another pot, are 
introduced, and when this is incorporated the pot is taken from fire 
and contents thinned down with 10 or 12 gallons turpentine. This 
batch will produce unless than 22 gallons of varnish. 

JIow to Prepare China Wood Oil for line as an Aid to Linseed Oil 
as a Paint Vehicle {not for Varnisk Makiiu}), — The oil is placed in 
a portable varnish pdt and heated over a moderate fire to a tempera- 
■*ture of not over 180 ' C. (356® F.). As soon as it reaches that point, 
the pot is^erdoved from the fire, and the driers well stirred into the 
o*il. To do this effectually, without the pot on the fire, to risk loss of 
bil by gelatinising, the driers should be ground in enough linseed oil 
to'form*a thin semi-paste, so fjhat the full benefit may be derived from 
the manner of introduction. For every 100 lb. of wood oil placed in 
the kettle, 1 lb. of litharge will be sufficient to make the oil bticome 
transparent and remain so on -diying. If desired to give the boiled 
Ohina wood oil' extra drying properties, the quantity of litharge may 
be increased to 2 lb. for every 100 lb. of the oil. Or the litharge ma^ 
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be replaced by a similar quantity of red lead. We would, howefver, 
caution against th^ use of manganese compounds in this connection,, 
as well as against the use^^f rosinate of lime or of lime itself. \ The 
clear oil, when so treated, may be employed alone, or in any propor- 
tion with boiled linseed qjl, in the manufacture of paint, but we think 
it best to grind pigments in linseed oil, using the prepared wood oil 
as part of the thinners, in quantities, best suited to the intended use of 
the paint. With all the preqjiutions enumerated, it is by no means 
certain that every batch of the treated oil will remain transparent, as 
we have seen samples of the oil in bottles, that stood ifi strong light 
for a month or two, and well corked, become opalescent and almost 
as solid as stearine, which appears to prove that the various deliveries 
cannot always be depended upon, and require constant inspection and 
examination. The crude article, after standing for about two months'’ 
exposed to strong light in bottles, that are simply corked but not 
sealed, will invariably become opaque and of the consistency of chilled 
lard oil. In the manufacture of certain varnishef?, China wood oil is 
introduced as a means to promote elasticity, drying, and resistance tO' 
wear in the cheaper class of goods. We have failed so far to discover* 
its presence in the higher priced articles. There is no question what- 
ever about its valuable properties, when judiciofisly employed in 
varnishes, consisting of ordinary rosin or soft rosins, and the European 
varnish-makers were not slow in working out the problem and profit- 
ing thereby. As stated above, millions of pounds of the oil w^ere 
wasted in experiments in Europe and America, and wiihout d^ubt,, 
even now, many a batch fails from lack of knowledge of its peculiarities. 
Those wlio have succeeded keep their information pretty well tO' 
themselves, but with a little experience, and the information about 
the characteristics and the behaviour of the oil in heating, the in- 
telligent varnish-maker should be able to work out his own method 
of treatment. The oil can be introduced into varnishes in two differ- 
ent ways, either by directly introducing it on making the various 
batches, or by making a China wood oil varnish, to be mixed with lin- 
seed oil varnish, as desirable in the cold way.*^ . This is a matter of 
business utility that depends upon manufacturing capacity and cost. 

China wood oil varnish may be added not only to ro^n varnishes,, 
but also to those made from other soft copals and dammars, in any^ 
percentage desired, but it is safest to keep down the proportion to a 
minimum, adding just enough to prevent such varnishdfe f?om being 
too brittle on drying. By adding, say 15 to 20 per cent, of the ChinS, 
wood oil varnish to an ordinary quick-drying varnish, and applying 
the latter side by side with the mixture, ^and then after say 48 hours’ 
rubbing each briskly with the finger, the most sceptical will be con- 
vinced of the value of China wood oil in varnish-making. 

Matt or Flaifimj Vanmh . — A fine white flatting varnish can be 
prepared by heating 100 parts of wood oil to 180° C.,*then adding H 
pl^rts of manganese rosinate, and, after -boiling for an hour, living 
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to Stand for several daj’s. Meanwhile, a drier is prepared from 100 
parts of rosin, 9 of lime, 10 of thick boiled oil, 26 of Itad Unoleate. 
and /OO of turps. Of this preparation *5^5 parts are incorpomied 
with 75 parts of the prepared wood oil. Coatinp^ of this varnish 
will dry perfectly hard in 12 hours. Used^lone, the prepared wood 
oil gives a hard, drying, white coating, but the surface is more like 
marble, whereas with the drier mentioned, a tine egg-shell matt is ob- 
tained. Owing to the uneven quality, of commercial wood oil it is 
necessary to make a small trial hatch before dealing with the bulk. 

Hardeniitg Eosin by Lime in the Actual Proccsn of Varnish^ 
makimj . — The hardening of rosin varnish by lime, in the actual pro- 
cess of varnish-making, may result in the thickening of the varnish, 
unless the operation is peiiormed with the req\hsite precaution. Thus, 
•ff the temperature he insuHicient, only part of the lime will dissolve, 
the insoluble portion forming thick liiin})H, which settle down when 
the varnish is thinned with the diluent. On the other hand, too little 
lime will leave thewosin insuthciently hardened, and therefore it will 
remain tacky when diy, whilst an excess of lime causes the mass to 
thicken considerably, and recjuire timely treatment with linseed oil, 
wood oil, <9r rosin to restore its fluidity. Tlie following recipe wall be 
found to give satisfactory results : 10 parts of .American rosin, j part 
of marble lime in pow'der, 5 parts of boih'd linseed oil, or wood oil, 

5 parts of oil of turpentine and 5 parts of tiirjjentim* substitute. The 
rosin heated to270'‘(!. (518 F.) in an enamelled cast-iron pan, and 
^the ^ime is tdded in two portions, heating being continued until a 
thick, strong crust forms on th(j surface of the rosin. The oil is stirred 
in and the whole is heated till it froths up and a skin forms again. 
The pan being taken from the fire and left to cool, the contents are 
diluted, first \vith the oil of turjx^ntine and thcji with the suhstitute. 
If a more consistent “ v'arnish” is required, 0 55 part of litliarge may 
be added at the outset, when the tem])erature has reached 23(F C. 
(446'’ F.), If added after the lime, the litharge would greatly thicken 
the mass. The author of this process states that wood oil is preferable 
to liyseed oil in ma^g these varnishes, but a rrnxture of the tw'O . 
would no doubt give a far superior product. 


JTHE end] 
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as a paint vehicle, 382. 

bunghole, 304. 

chemical constants of, 197. 

clarification of, 380. 

definition of, 385. 

— detecting miner^foil in, 199. 

rosin in, 194,^83. 

effect of age on drying, 399. 

— — elasticilby of film of, 391. 

estimating fatty^acids in, 190. 

oxy acids in, 195. 

1 {osiij in, 190. 

estimation of metals in, 194. 

• foots, 200. 

^ for enamelled leather, 366, 


. Bromine absorption of linseed oil (Me- 
; Ilhiny), 114. 

— action of, on liiisoed oil, 09, 71. 

' — derivatives, insoluble, 117. 

' — value of linseed oil, 109. 

, Buugholo boili'd oil, 304. 
Butvrorefrai'toinetnc di'groe of linseed 
“oil, U’^O. 

c. 

Candle nut oil, 410. 

Castor oil, 412. 

action of nitrous acid on, 413. 

' dry distillation rd, .357. 

j Catalytic lU’tioiiH on linseed oil, 72. 
i Caustic soda, bleaching linseed oil with, 

; 58. 

! Cedar nut oil, 414. 

’Charcoal, bleiudiing linseed oil with, 60. 
i — ri'lining linseed oil with, 07. 

I Chevrcul, rehcarchcH of, 2. 

Chevrciil’s process for bleaching linseed 
oil, 01. 

j Chlorine, a< tion of on linseed oil, 09. 

: — hleaclnng linseed oil with, 59. 

I Chlorophyll, 50. 

I Cliolesterin, 51. 

Cholestcnd reaction, Liehormann’s, 52. 
j Cobalt benzoate driers, 324. 

I — borah; drier, 324. 

I — driers, 324, .339. 

j C^)d oil, determining in linseed oil, 148, 
iCogan’s process for refining linseed oil, 
i 55. 

j Colouring yirinciplcH of oil, 50. 

Copaiba balsam in printing ink, 215. 

'I Copper lino leatc, -132. 

( — soap, 331. 

I Corn oil. Sec Maize oil. 

Cotton seed, oxylinoloic acid from, 283. 
CyroBcopic method for determining 
molecular weights (Haoult), 138. 


hexabromide number of 196, 200. 

iSdine absorption of, 195. , 

oxygen absorption of, 195. 

— polarimetric examination of, 200. 

saponification numlier of, 194. 

solidification of, 236. 

— standard, *392, 

P tests for, 193. 

? unsaponifiable content of, *196. 


Damar vehicle for enamel paint, 388. 
Dioxy stearic acid, 86. 

Driers, catalytic action of, 301.^ 

— cobalt, 339. 

— examination of, 345. 

— for linseed oil, 271. 

— for oil boiling, 305. 

— for soya bean oil, 465. 
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Driers, ignition test for, 401. 

— lead, 300. ( 

— liquid! 306.' 

— litharge, 808. / 

— manganese, 29C. 

— manufacture of, 308. 

— metallic, table of, 30fl. 

— ■ Mulder’s theory of, 342. 

— patent, 805. 

— soluble, 834, 336, 841. 

— solution test for, 401. 

— zinc, 297. 

Drying, effect of driei-s on, 397, 400. 

— influence of light on, 895. 

moisture on, 3%. 

— temperature on, 895. 

— - oils as paint vehicles, 5. 

constants of, 182. 

definition of, 3. 

in varnishes, 6. 

lead tost for, 201. 

manganese rosinate, test for, 263. 

oxidation of (Hazura), 92. 

properties of, 2. 

£. 

Edge-runner mills, : 0. 

Elaidin test for drying oil, 119. 

Enamel paints, Damar, vehicle for, 888. 
Ester number of linseed oil, 109. 

Ethyl linoleate, drying capacity of, 228. 

r. 

Fats, splitting of, 75. 

— • thermal values of, 119. 

Fatty acid, chemical constitution of, 92. 
content of oil, 92, 

— acids, estimating, in boiled oil, 190. 
fluid, 80. 

free, estimating in linseed oil, 94. 

from sunflower seed oil, 461. 

hydroxylated, derivatives of, 93. 

iodine, number of, 76, 78. 

linseed oil, examination of, 84. 

melting-point of, 76. 

mixed, in linseed oil, 97. 

molecular weight of, 99. 

of Cedar nut oil, 415. 

Chinese wood oil, 472. 

linseed oil, 76. 

saponification values of, 

' 101 . 

poppy seed oil, 442, 445. 

safflower seed oil, 453. 

walnut oil, 468. 

proportion of, in linseed oil, 186. 

refraction of, 162. 

6 jlid, 80. 

unsaturated, of linseed oil, 88. 

Ferrous sulphate, bleaching linseed oil 
with, 68. 

F,dter presses, 64. 

— press cake, 62. 


Filtering linseed oil, 53. 

Fir seed oil, 457. 

Pish oils, detection of, in linseed ojjf 174. 

— oil, dicing of (Meister), 198. 
Flash-point apparatus, 150. 

— standards of different countries, 162. 
Flax, cultivation of, in Great Britain, 10. 

— plant, the, 10. 

Foots, boiled oil, 200, 

— linseed oil, 67, 192. 

Fuller’s earth, bleaching linseed oil with, 

bleaching oils with, 62. 

testing, 63. 

Funturaia oil, 422. 

0 . 

Gauges, hydraulic, 38. 

(Irinding Japan, 887. 

Gloss oils, 887. 

Glycerides of linseed oil, 91. 

Glyceric acid, 27'\ 

Glycerine content of linseed oil, 279. 

— ill linoxin, 278. 

— oxidation products of, 279. 

-- test for linseed oil (Fahr’^n), 186. 

H. 

Halogens, action of on linseed oil, 69, 
Hempseed oi’, 422. 

bleaching, 62. 

determining, in linseed oil, 149. 

llevea seed ml, 434, 

Hexabromide number of boiled oil, 195, 

200 . 

linseed oil, 117. 

Hexabromides, insoluble, 86. 
Hydrobromiuate from linolenic acid 
(Sussenguth), 81. 

Hydrogen, action of, on linseed oil, 72. 
Hydrometer, comparison table for 
caustic soda solution, 828. 

— conversion table, 125, 

— scales for caustic potash solution, 826. 
Hydrosulphitca refining linseed oil With, 

61. 

I. 

India-rubber substitute, analyses of, 260. 

from linseed oil, 2^2. 

Indigo in printing ink, 217. 

Ink, black, for engraving, 221. 

— blue-black printing, 220. 

— for steel engraving, 221. 

— litlographic, vehicles for, 207. 

— printing, boiled oil for, 204. 

linseed oil for, 210. 

properties of, 213. 

^ vehicles for, 208, 

Iodine absorption of boiled oil, 195. 

linseed oil, 167. 

oils (Wijs), 112. 
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lodipe absorption of various oils, 111. 

— and bromination values, relation of 

^(Table), 72. 

— number of linseed oil, 78, 181, 193. 

— value of linseed oil, 103, 111, 171. 

fatty acids. 111. 

poppy. seed oil, 447. 

Iron soap, 331. 


Japans, recipes for, 837. 


Kaya oil, 427. 

Kettles, steam- heating, 17. 
Koettstorfer figure of linseed oil, lOG. 


Lactones in linseed oil, 2HG. 
Lallemautia oil, 428. ^ 

Lead acetate bleaching, linseed oil with, 
» 59 

— ~ driers, 800, 812. 
boiled oi^, 891, 399. 

— borate driers, 318. 

— driers, 300, 322. • 

— linoleate, .327. 

— — dried film of (Mulder), 82. 

— ~ driers, 314. , 

— — {yoporties of, 277. 

— oxide, sapoi^fication of linseed oil by, 

• «8G. 

— red, in paints, 311. 

— — manufacture of, 311. 

— rosinate driers, 318, 321. 

— sulphate, bleaching linseed oil with, 

59. 

— test for drying oils, 261. 
Liebennann-Storch test for rosin oil, 

149. 


Linoleum manufacture, 282* 

analysis of^ils for, 237. 

I Herkhom’s procest, 287f 

UtlAeed oil for, 239, 

-- — lien’s process, 237. 

Storer’s process, 235. 

— -- Wagon’s process, 284. 

Linoxie acid, 351. 

properties of. 277. 

Linoxin, 349, 402. 405. 

— gjycerine in, 278. 

— m dried Unseal oil, 289. 

— properties of, 27G, 

Linseed cleansing machinery, 11. 
j — crushing presses, 15, 23. 
i - oil, acidity of, 95. 
j — - acrolein from. 225. 

} action of heat on, 202. 

j sulphuric acid on, 70. 

! - adulteration of, 170. 

I as a paint vehicle, 1. 

j — - ash from. 43. 

] bleaching, 53, 5G. 

' - blown, ultimate analysis of, 231. 

— - - l)oibd, 351. 

— tests for, 198. 

bromine, value of, 109. 
chemical composition of, 75. 

- (Fiihrlon), 1H9, 

i — - — reactions of, 09. 

I - - - colour of, 123 

I composition of, 43. 

! - destructive distillation of, 202. 

I - - -- drying of, 27G, 295, 

1 - - processes, 302. 

j - — e(!e<'t of cold on, 135. 

pigments on, 408. 

... storage on, 191. 

— - ester number of, 109. 

— - - estimating free fatty acids in, 94. 

i - extraction by solvents, 88. 

; fatty acida, 75. 

. . „ — examination of, 84. 


Light, bleaching linseed oil with, 5G. 

Lime, refining linseed oil with, Gl. ; -- 
soap, 381. 

Linoleate copper, 332. ^ - 

— ethyl, Tinoleic acid f^n, 83. 

Linoleates, action of oxygen upon, 350. - 

— manufactuij^ ot, 321, “ 

— metallic, manufoctuifi of, 327. 

^ pure metallic, preparing (Fahrion), - 
.• 81. 

Linoleic acia from ethyl linoleate, 83. - 

sunflower seed oil, 88. - 

(Hazura), 82. - 

hydrobrominate from, 81. 

r—*— oldie acid in, 82. * - 

preparation of, 89. 

preparing (Schuler), 80. 

unity of, 344. - 

Linolein, 348. 

I — p action of oxygen upon, 350. 

Linol^to, action of solvents on, 240. 

— anilyais (Pinette), 238. ‘ . 


. „ _ — melting point of, lOL 
... _. __ (j{^ ihG. 

_ oxygen absorption of, 271. 

— saponification values of, 

101 . 

solidifying point of, 101. 

— . — specific gravity of, 102. 

- - filtering, 63. 

fire boiling of, 211. 

flash point of, 150. 

- -- fluid, fatty acids of, 80. 

foots, 07, 192. 

for printing ink, 210. 

free acid content of, 97. 

freezing out mucilage from, 133. 

glycerides of, 91. 

glycerine content of, 18G, 2J9. 

heat of bromination of, 71. 

combustion of, 70. 

increase of weight on drying, 224. 

india-rubber substitutes frooL 

242. 
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Linsed oil, (iodine absorption of, 167. 

number of, ^181. 

1 valu'j of, lOy, 171. 

mill, description of, 11,, 

mixed fatty acids in, 9Y. 

mucilage in, 46, 192. 

oxidation of, 233. 

in paints, 229. 

oxygen absorption of, 256. 

physical constants of, 135. 

properties of, 122. ^ 

~ — polarimetric tests of, 167. 

production of, 9. 

quantitative composition of, 185. 

raw, U.S. standards for, 180. 

refining, 53, 65, 61. 

refraction index of, 159. 

refractive index of, 166, 207. 

sapouiiication of, with lead oxide, 

386. 

value of, 106. 

saponifying (Hazura), 82. 

— — smell of, 122. 

solid fatty acids of, 80. 

■— — solidification of, 131. 

point of, 134. 

.solubility of, in alcohol, 206. 

— specific gravity of, 124. 

— — spectroscopic examination of, 69. 
spontaneous combustion of, 230. 

— — storage of, 67, 227, 234. 

substitutes, 3-f4. 

— -- sulphuric acid spot test for, 147. 

— — taste of, I2i 
testing, 103, 183. 

— time of drying of, 255, 897. 

ultimate organic analysis of, 186. 

— — unsaponiftablo, content of, 47. 

— -- unsaturated fatty acids of (Bed- 

ford), 88. 

viscosity of, 142. 

volatile products of, 227. 

— screening machinery, 13. 

Litharge, analysis of, 310. 

— driers, 308.' 


I Manganese linoleate, bleaching Upseed 
i oil with, 58. 

I — nitrate driers, 819. 

— oxalate driers, 319. 

‘ — peroxide driers, 314. 

— rosinate driers, 320, 892. 
sulphate driers, 316. 

; Manihot oil, 431. 

' Manketti nut oil, 432. 

Mauineuc'a thermal test for linseed oil, 
118. 

; Mineral ferments, action of, on linseed 
oil, 293. 

— oil, detecting, in boiled oil, 190. 

detection of, in linseed oil, 177. 

determination of, in linseed oil, 

103 . 

! — oils, optical deviation of, 16.1. 
i Mucilage, freezing out from linseed c.. 

, 133. 

— in linseed oil, 45, 192, 388. 

I Mustard oil, determining, in linseed oil, 
149. j 

N. 

I Niger .seed oil, 433. 

Nitric acid, action of, on linseed oil, 71. 

I bleaching linseed oil with, 68. 

] Nitrous acid, action of, on linseed oil, 71. 
Nsa-sana oil, 431. 

O . 

' Oil, boiling by direct heat, 359. . 

, steam, 369. 

! superheated air, 377. 

: degree of heat for, 386. 

i pots, 858. 

1 — — Villon’s method for, 367. 

; — colouring principles of, 56. 

1 -- content of different seeds (table), 41. 
; — linseed. See Linseed oil. 

, — seed crushing, automatic control of, 
35. 


Lithographic ink vehicles, 207. 


M. 

Madia oil, 428. 

Magnesium linoleate, 327. 

— metallic action of, on linseed oil, 72. 
Maize oil, 4211. 

detection of, in linseed oil, 174. 

india-rubber substitute from, 246. 

Manganese acetate driers, 317. 

— and sulphuric acid driers, 297. 

— boiled oil, 399. 

— bQTEte driers, 296, 300, 318. 

— compounds, action of, on linseed oil, 

292. 

— driers. 296, 322. 

— • linoleate, 329. 

‘ driers, 319. 


I ~ thermal values of, 119. 

1 Oilcake parirg machine, 29. 

— moulding n achine, 17. 

' — rubber seed, 435. 

Oilcakes, comparative a»ialyses of, 430. 

— linseed, oxidation of oil in, 228. 

Oils, drying. See Drying oils. 

— fixed, properties of, 2. 

— splitting of, 75. 

Oleic acid, glycerine from, 279. 

in Unoleic acid (Mulder), 82. 

Oleo refroctometer, 161. 

►Oxidation of drying oils, 92. 

Oxidising agents for bleaching linseed 
oil, 67. 

Oxyacids, analysis of, 281. 

— .estimating in boiled oil, 195. 

— estimation of (PaWon), 78. 

— from oxidised oil#fe82. ^ 

Oxjgen absorption of boiled oil,'i95. 
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Oxygen, absorption of oils, 180, 266. 

— — lins^ oil, 256, 

Oxvftnoleic acids from ootton>seed oil, 

Ozone absorption of oils, 275. 

— action of, on linseed oil, 355. 

— bleaching linseed oil with, 57. 

— value of linseed oil, 275. 

Ozonides, preparation of, HG. - 
Ozonised oil, 889. 

P. 

Paint, durabilily of, 402, 407. 

— film, action of internal organic per 

oxide on, 408. 

action of light on, 405. 

— films, defects of, 403. 

oil, action of pigments on, 409. 

— vehicles, 1, 6. 

Paints, action of pigments on, 409. 

— antifouling, 333. 

— testing the permam^K ) of, 409. 

Para rubber oil, 434. 

, P§riUa oil, 437. 

— — bleaching, C2. 

Peroxide o^ hydrogen for bleaching 
linseed oil, 57. 

Petroleum spirit, determination of, in 
linseed 91I, 105. 

Phytosteriii, 51. 

Pine-seed oil, 458. , 

Polarimotric examination of boiled oil, 


Refraction, index of, 162, 1S9. . 
Refractive indeiuof Chinese wood oil, 
474. * ^ 

^linseed oil, 207. 

Poppy-seed oil, 447. 

— indices of marine animal oils, 163. 
mineral oils, 168, 165. 

— - — vegetable oils, 163. 

Refractometer, hYry’s, 154. 

— Jean’s, 160. 

— Abbe, 152, 

Hesinates. manufacture of, 321. 

Rosin, combining weight of, 325. 

— - estimating, in boiled oil, 196. 

— for printing ink, 215. 

— grinding Japan, 337. 

— hardening, by lime, 491. 

-- in boiled ()il, 383. 

-- - Chinese wood oil, 484. 

— - (IcUjcting, in boiled oil, 194, 

(*il. detection of, in linseed oil, 178. 

— - - determining, in hijsood oil, 103, 

147. 

— -- Lieberinanii Storcli test for, 149. 

- i»ptioHl deviation of, 169. 

.. Stnreh-Morawski tost for, 194. 

— — tin tetrahromido test for, 149. 
Kosinate of manganese, tost for drying 

oils, 2(;3. 

Rosinates, manufacture of, 324. 

Rubber- ''ced oil, 434. 

s. 


• — teats of linseed oil, 1G7. 

Polarisation plane of various oils, 168. 
Poppy oil, 426. 

Poppy -seed oil, 438. 

Potash bi-cliromate, bleaching linseed 
oil with, 57.. 

— permanganate, bleaching linseed oil 

with, 57. 

Potassium carbonate, bleaching linseed 
oil with, 58. 

Printing ink, blue-black, 220. 

T boiled oil for, 204. 

; copaiba balsam in^l5. 

— — drirts for, 218. 

indigo in, 217. 

Goyneau’s recipe for, 216. 

lustrous", 223. ® 

. properties of, 213. 

— rosin for, 215. 

8oap’?or, 215. 

vehicles, ^5, 208, 217. 

Pumpkin-seed oil, 447. 

Pyrolusite driers, 314. 


V Rape oil, detection of, in linseed oil 
172. . . • 

determining, in linseed oil, 149. 

• Robinia oil, 448. 

Refinmg linseed oil, 63. " • 

VOL. I. 


Sadlowcr-sml oil, 450. 

' Sapniiification value of linseed oil, 106. 

I SaiMunfymg linseed oil, 82. 

! Siberian pine oil, 414, 
j Soap, copjier, 331. 

I — for printing ink, 215. 

— iron, 831. 
i- hme, 331. 

, — zinc, 331. 

; Solidification points of various oils, 134. 
! Solvents, extracting oil by, 38. 
j Sova Lean Oil, 453. 

I Specific gravity tube, Sprengel’s, 180. 

I Spectroscopic examination of linseed 
I oil, 69. 

Sprengel’s specific gravity tube, 130. 

; Stand oil, characteristics of, 206. 

Steam jacketed pans, 372. 

; Stillingia oil, 459. 

' Storch-Morawski tost for rosin, 883. 
String test for linseed oil, 212. 

* Sulphur-chloride in rubber substitutes 

! 2 '^-- .1 

I Sulphuric acid, action of, on linseed pil 
I 70. 

; bleaching linseed oil with, 63. 

i 1 spot test for linseed oil, 147. 

t Sulphurous acid, action of on linsew 
I oil, 70. 

Sunflower- seed oil, 460. 

I linoleic acid from, 88. 

n 
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T. 

Terc^bines<i 306/334. 

Th^nard’B process for refininp^ linseed 
oil, 5.3. 

Tin linoleatts 320. 

Tobacco-seed oil, 462. , 

Tung oil. See Wood oil. 

Turpentine, determination of, in linseed 
ml, 104. 

— Japans, 337. t 


i Viscosity of Chinese wood oil, 474. <• 

I linseed oil, 142. ^ 

I printing ink vehicles, 144. 

I 

i w. 


' Walnut oil, 463. 

; determining, in linseed oil, 149. 

I Waterproofing composition for fabric, 
338 

, Waxcloth, Afridi, 450. 

' Whale oil, determining in linseed oil, 


V. 

Varnishes, drying oils in, G. , 

— from Chinese wood oil, 48,5. | 

Varnish, waterproof, from vulcanised; 
oil, 247. 

Vegetable oils, refractive indices of, 16.3, ^ 
Verdigris, 332. 


148. 

Wood oil, Chinese, 468. 

nuts, analysis of (table), 480. 

Z. 


Zinc driers. 297. 
— - soap, 331. ' 
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